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Executive Summary 


Montana's bat populations face a wide array of 
conservation issues, including loss of roosting 
sites, elimination of prey species, collision or 
drowning hazards at sites where they forage, 
drink, and mate, and a lack of baseline 
information on distribution and habitat use that 
is available to resource managers. In recent 
years, concerns have focused on fatalities at 
wind turbine facilities and those resulting from 
White-nose Syndrome (WNS). WNS has killed 
an estimated 5.7 to 6.7 million bats in eastern 
North America and 600,000 to 888,000 bats are 
estimated to have been killed at wind energy 
facilities across the United States in 2012 alone. 
These and other sources of mortality may be 
having significant impacts on bat populations 
because bats are long-lived and have only one 
or two young per year. Given these concerns, a 
long term acoustic detector was installed on the 
lower Big Hole River at the Maiden Rock Fishing 
Access Site in the Pioneer Mountains of 
southwest Montana to gather baseline 
information on bats. This was one of the first 
ultrasonic acoustic detectors installed in what 
grew to become a regional network of 
detectors deployed over multiple years to 
document activity patterns of bats across 
Montana, and portions of northern Idaho, and 
the western Dakotas. 

The overarching objectives of this project were 
to gather multiple years of year-round baseline 
information on: (1) bat species composition and 
activity levels; (2) timing of species immergence 
to and emergence from hibernacula for non- 
migratory bat species; (3) timing of migrations 
by tree roosting migratory species that have 
been documented as having the highest levels 


of mortality from collisions with wind turbines; 
and (4) correlates of bat activity such as wind 
speed, temperature, precipitation, barometric 
pressure, and moon illumination. 

We recorded bat echolocation calls from sunset 
to sunrise nightly with an SM2Bat 
detector/recorder between 14 February 2012 
and 19 August 2014. We initially mounted the 
detector on the immediate shoreline of the Big 
Hole River. However, due to ice jams in April of 
2012, we moved the detector off of the main 
river to an adjacent backwater pool for the 
remainder of the study. A total of 111,369 bat 
call sequences were recorded over 10,744 
hours of monitoring, with 23.1 percent being 
auto-identified to species by Sonobat 3.0 or 
Kaleidoscope Pro 2.0 software. Overall, 2,261 
call sequences were fully reviewed by hand. 

Nine species were definitively confirmed by 
hand review using the bat call characteristic 
identification guidelines in Montana's Bat and 
White-Nose Syndrome Surveillance Plan and 
Protocols (Maxell 2015): Townsend's Big-eared 
Bat (Corynorhinus townsendii), Big Brown Bat 
(Eptesicusfuscus), Spotted Bat (Euderma 
maculatum), Hoary Bat (Lasiurus cinereus), 
Silver-haired Bat (Lasionycteris noctivagans), 
Western Small-footed Myotis (Myotis 
ciliolabrum), Long-eared Myotis (Myotis evotis), 
Little Brown Myotis (Myotis lucifugus), and 
Fringed Myotis (Myotis thysanodes). In 
addition, there were several call sequences 
recorded during the study that fit probable 
characteristics of Yuma Myotis (Myotis 
yumanensis) calls. This region is outside the 
range where the species has been documented 
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with mist net captures, and we believe it is best 
to regard all of these sequences as only 
potentially Yuma Myotis calls until there is 
genetic confirmation of the species' presence in 
the region. Finally, while the presence of 
California Myotis (Myotis californicus) and Long- 
legged Myotis (Myotis volans) was not 
confirmed by this study, both of these species 
should also both be regarded as potentially 
present in the Pioneer Mountains given their 
prior documented presence in adjacent areas of 
southwestern Montana. 

We documented eight of the nine species 
definitively detected in 29 monthly time periods 
in which there had been no previous 
documentation of their presence in the region, 
including two-month expansions in 
documented activity periods for Townsend's 
Big-eared Bat, Spotted Bat, Long-eared Myotis, 
and Fringed Myotis, four-month expansions for 
Big Brown Bat, Western Small-footed Myotis 
and Little Brown Myotis, and a nine-month 
expansion for Silver-haired Bat, which, until 
recently, was believed to be migratory. 

Patterns of bat activity recorded at the Maiden 
Rock acoustic monitoring station were 
consistent with overall average bat activity 
patterns recorded across the regional network 
of acoustic detectors. Activity was very limited, 
< 4 pass per night on average, between 
November and February. However, at least 
some bat activity was documented every month 
in at least one of the study years. Average 
nightly bat passes began to increase each year 
in mid to late April, reached a maximum of 
1,185 bat passes per night between June and 
September and were greatly reduced again by 
mid-October. 


During the active season (April to October), 
some level of bat activity was evident 
throughout most of the nighttime hours. 
However, there was a major pulse of activity in 
the first hour after sunset and the vast majority 
of activity occurred during the first two to three 
hours after sunset. This may be a result of 
relatively cold nighttime temperatures at this 
relatively high elevation site. 

Across the regional network of detectors, 
activity was significantly higher during both the 
active and inactive seasons in rugged 
landscapes, areas with high densities of rock 
outcrops and cliffs available to roosting bats, as 
compared with non-rugged landscapes such as 
prairie or grassland habitats. The presence or 
absence of trees in rugged landscapes did not 
appear to have an effect on bat activity across 
the network. However, non-rugged landscapes 
had much higher bat activity levels between 
April and October when trees were available 
and non-rugged landscapes without trees 
lacked any bat activity from November through 
March. Trees provide both roosting and 
foraging habitat, and this pattern indicates that 
they are an important feature to bats in non- 
rugged landscapes. During the active season, 
there was also greater activity at detectors near 
large and small lentic waterbodies than at 
detectors near lotic waterbodies or without 
water. This suggests that standing water 
bodies, especially large ones, are relatively 
important to bats for drinking and foraging 
within a landscape. The Maiden Rock area is a 
relatively rugged landscape and is near a large 
river and a small backwater pool. It is therefore 
likely an important roosting, foraging, and 
drinking site during the active season and 
roosting and drinking site during the colder 
months. 



Throughout the study maximum background 
and bat pass temperatures recorded at the 
detector closely approximated one another. 
However, average and minimum bat pass 
temperatures recorded at the detector were 
consistently much higher than average and 
minimum background temperatures; monthly 
averages ranged from 0.4 to 9.0°C higher and 
monthly minimums ranged from 0.6 to 21.4°C 
higher. Thus, bats consistently restricted their 
activity to warmer time periods from the range 
of background temperatures that were 
available to them. 

Although the bat detector was 17.7 kilometers 
from the Wise River weather station, hourly 
average wind speed data indicates that bats are 
more active at wind speeds of 1 to 4 meters per 
second (71 percent of overall activity) than 
would be expected if bat activity was randomly 
distributed across all wind speeds available to 
them. Similarly, across the entire detector 
network, bat activity was greater than expected 
at random for wind speeds of 1 to 4 meters per 
second. Across the network, wind speeds less 
than 4 meters per second accounted for 84 
percent of bat passes and wind speeds less than 
7 meters per second accounted for 97 percent 
of bat passes. 

Nearly 87 percent of bat activity was associated 
with little to no change (-1 to +1 millibars) in 
hourly barometric pressure recorded at the Bert 
Mooney Airport weather station, located 33.4 
kilometers to the north-northeast of the 
acoustic detector. However, bat activity was 
greater than would be expected in the negative 
pressure change classes down to -3 millibars of 
change per hour and was less than expected 
with neutral or positive changes up to 1 to 2 
millibars per hour than if bat activity were 


randomly distributed across the background 
pressure change classes that were recorded. 
Across the entire detector network, 73 percent 
of bat activity was associated with little to no 
change (-1 to +1 millibars) in hourly barometric 
pressure. However, bat activity was greater 
than expected during negative changes (-1 to -3 
millibars) in hourly barometric pressure and 
was less than expected with neutral or positive 
changes (1 to 2 millibars) in hourly barometric 
pressure than if it were randomly distributed 
across background pressure change classes. 

Bat activity at the Maiden Rock detector and at 
detectors across the regional network was 
distributed at random relative to background 
hours associated with and without precipitation 
at the nearest weather stations. This may 
simply be a result of the facts that: (1) nighttime 
precipitation events are relatively rare; (2) 
weather stations are often somewhat distant 
from the acoustic detectors; and (3) 
precipitation was coded in hourly bins while 
bats are capable of flight within minutes after 
the passage of a storm front. Thus, bat activity 
recorded at the Maiden Rock detector and 
many of the acoustic detectors across the 
network may not be that meaningful with 
regard to precipitation events recorded at 
distant weather stations. 

Patterns in the percent of hours with bat 
activity generally tracked patterns in the 
background percent of hours associated with 
various moon conditions. However, bat activity 
was greater than would be expected at random 
at most illumination levels when the moon was 
below the horizon and at illumination levels up 
to 0.5 when the moon was above the horizon. 

At moon illumination levels above 0.5, bat 
activity was less than would be expected if it 



were randomly distributed across all 
illumination categories. Across the regional 
network of bat detectors, the same general 
pattern of decreased activity at higher moon 
illumination levels was also observed. 

Identification of individual species activity 
patterns was hindered by relatively low and 
potentially inconsistent rates of auto¬ 
identification of call sequences to species. 

Thus, activity patterns for species from auto- 
identified call sequences should be regarded as 
speculative due to a variety of issues that might 
cause auto-identifications to be inaccurate 
and/or inconsistent. Of the eight species for 
which there is at least some justification for 
showing potential patterns of documented 
activity from auto-identified call sequences, 
there were at least three main patterns evident 
in average nightly passes per week. First, while 
general patterns of the timing and magnitude of 
activity were consistent for individual species 
across years between 2012 and 2014, recorded 
activity for five of the eight species was 
relatively greater in 2014 than in 2012 and 
2013. Second, Big Brown Bat, Silver-haired Bat, 
Western Small-footed Myotis, and Little Brown 
Myotis showed more year-round activity than 
other species which limited their activity more 
to individually consistent time periods during 
the warmer months. Finally, Western Small¬ 
footed Myotis and Little Brown Myotis activity 
was generally an order of magnitude higher 
(often > 15-20 call sequences per night) than 
was recorded for other species (often < 1 call 
sequence per night). 

The above measures of overall bat activity near 
the detector, hand confirmed presence of 
individual species by month, and hand 
confirmed minimum temperatures associated 


with bat passes of individual species are all 
stable metrics upon which management 
recommendations can be made. Flowever, 
patterns of activity of individual species 
resulting from automated analyses should be 
used with a great deal of caution due to low 
rates of species assignment and low or 
uncertain rates of accuracy of those 
assignments. Furthermore, it should be noted 
that bat activity measured during this study was 
made by a microphone on a 9-10 foot mast at 
the top of a small cliff and may not have 
adequately sampled the activity of high flying 
bats such as the Floary Bat and Silver-haired 
Bat, which have suffered high rates of mortality 
at wind turbines across North America. 

The following management recommendations 
are based on information gathered during this 
study, literature and documentation in 
Montana's animal point observation database 
on the roosting habits and habitats of 
Montana's bat species (Appendix C, MTNFIP 
2016), compilations of literature on the impacts 
of wind turbines on bats (Table 1, Appendix A, 
see especially Schuster et al. 2015), and new 
voluntary best management practices adopted 
by the American Wind Energy Association. 

Management recommendations include: (1) 
protecting potential natural roost sites by 
conserving large diameter trees (especially 
snags with loose bark), rock outcrops, cliff 
crevices, and caves; (2) maintaining accessibility 
for underground mine entrances that bats may 
be using as summer or winter roosts; (3) 
reducing structural complexity of vegetation 
(e.g., short stature grasslands) and availability 
of standing waters that might provide drinking 
opportunities for bats near wind turbines or 
other human structures that might represent a 



threat to bats or where bats are undesired; (4) 
if wind turbines are installed in the region, set 
turbine cut-in speeds to > 6.0 m/sec between 
April and October - especially important in July 
during peak bat activity when young are newly 
flighted, and August, September, and October 
when migratory species are passing through 
and local bats are swarming and breeding; (5) 
feather wind turbine blades, or making them 


parallel to wind direction, when wind speeds 
are <6 m/sec so that they rotate at fewer than 
1-3 revolutions per minute between April and 
October; and (6) install bat houses on warm 
south and west facing walls of human 
structures to provide summer roosting habitat 
while avoiding bat use of internal portions of 
the structures. 
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Introduction 


Montana's bat populations face a wide array of 
conservation issues, including loss of roosting 
sites, elimination of prey species, collision or 
drowning hazards at sites where they forage, 
drink, and mate, and a lack of baseline 
information on distribution and habitat use that 
is available to resource managers. In recent 
years, concerns have focused on fatalities at 
wind turbine facilities and those resulting from 
White-nose Syndrome (WNS) (Table 1). The 
large increases in mortality posed by these 
threats are especially significant to bat 
populations because bats are long-lived and 
have only 1 or 2 young per year (Barclay and 
Harder 2003). 

Wind Turbine Impacts 

Bat fatalities are widespread at wind energy 
facilities across the United States with 600,000 
to 888,000 fatalities estimated in 2012 alone 
(Hayes 2013, Smallwood 2013). The 
widespread nature of these fatalities coupled 
with low fecundities of bats raises concerns that 
wind turbines may be having significant impacts 
on bat populations (Barclay and Harder 2003, 
Kunz et al. 2007, Arnett et al. 2008). Of North 
America's 45 documented bat species, 
mortalities from wind turbines have been 
documented in 11 and 5 of them potentially 
occur in the Pioneer Mountains for at least a 
portion of the year (Tables 1 & 2; Kunz et al. 
2007, Arnett et al. 2008). Of these species, 
mortality rates have been highest (> 75% of 
mortalities) in tree roosting migratory species 
such as the Eastern Red Bat (Lasiurus borealis), 
Hoary Bat (Lasiurus cinereus ) and Silver-haired 
Bat (Lasionycteris noctivagans) (Kunz et al. 

2007, Arnett et al. 2008, Arnett et al. 2011). 
Thus, if wind turbines were to be installed in the 
region, the majority of mortalities would be 


expected to be associated with Hoary Bats and 
Silver-haired Bats during migratory or mating 
events (Cryan 2008). However, resident bats 
may also be impacted (Poulton and Erickson 
2010) and impacts may occur even during the 
winter (Lausen and Barclay 2006, this study). 

White-nose Syndrome Impacts 

Since 2006, White-Nose Syndrome, resulting 
from the cold adapted fungus 
Pseudogymnoascus destructans, has killed an 
estimated 5.7 to 6.7 million bats in eastern 
North America (Blehert et al. 2008, Lorch et al. 
2011, USFWS News Release January 17, 2012, 
Minnis and Lindner 2013). As a result, the 
extinction of Little Brown Myotis (Myotis 
lucifugus) is predicted in eastern North America 
by 2026 (Frick et al. 2010), Little Brown Myotis, 
Northern Myotis (M. septentrionalis), and Tri¬ 
colored Bat (Perimyotis subflavus) were 
emergency listed as Endangered under 
Canada's Species at Risk Act (COSEWIC 2012), 
Little Brown Myotis has been petitioned for 
emergency listing under the United States 
Endangered Species Act (Kunz and Reichard 
2010), and Northern Myotis has been listed as 
Threatened under the United States 
Endangered Species Act across its range, 
including nine eastern Montana counties 
(USFWS 2015). P. destructans has progressed 
westward to states along the Mississippi River 
corridor as well as the Province of Ontario, 
Canada and, recently was detected in 
Washington state (WDFW, USFWS, and USGS 
2016). It has caused WNS in at least three 
species documented in Montana, has been 
detected in other species that may serve as 
local or regional vectors, and seems likely to 
affect other Montana species due to the close 


1 



relatedness of species that have been impacted 
(Table 1, Blehertetal. 2011). 

Acoustic Monitoring Network 

Starting in the fall of 2011, various federal, 
state, and tribal partners began deploying 
SM2Bat, SM2Bat+, and SM3Bat ultrasonic 
detector/recorders to gather year-round 
baseline information on bat activity in various 
localities across Montana. During 2012, 
individual efforts began to coalesce into a 
regional network of detectors to address most 
bat species known to occur in Montana (Table 
1, Figure 1, Maxell 2015). Most of the 
recordings from this array are being processed, 
analyzed, and archived at the Montana Natural 
Heritage Program. 

Project Need 

Previous acoustic and mist net sampling for bats 
in southwestern Montana has been limited to 
single nights of sampling between late June and 
early September and no overwintering has been 
documented for bats in the eastern portion of 
the Pioneer Mountains. Thus, the region lacked 
baseline data on year-round patterns of bat 
activity that could be used to inform resource 
management plans or individual projects. 

Species Potentially Present 

Of Montana's 15 known bat species, 11 had been 
documented within 20 miles of the Maiden Rock 


detector prior to 2012: Townsend's Big-eared Bat 
(Corynorhinus townsendii), Big Brown Bat 
(Eptesicusfuscus), Spotted Bat (Euderma 
maculatum), Hoary Bat, Silver-haired Bat, 
California Myotis (Myotis californicus), Western 
Small-footed Myotis ( Myotis ciliolabrum), Long¬ 
eared Myotis (Myotis evotis), Little Brown Myotis, 
Fringed Myotis (Myotis thysanodes), and Long- 
legged Myotis (Myotis volans) (Table 2, MTNHP 
2016). One additional species potentially present 
in the Pioneer Mountains as indicated by their 
presence in the surrounding region is the Yuma 
Myotis (Myotis yumanensis) (Table 2, MTNHP 
2016). 

Objectives 

The major goals of this project were to: (1) gather 
baseline information on bat species composition 
and activity levels at Maiden Rock year round for 
2-3 years; (2) identify timing of species 
immergence to and emergence from hibernacula 
for non-migratory bat species; (3) identify timing 
of migrations by tree roosting migratory species 
that have been documented as having the highest 
levels of mortality from collisions with wind 
turbines; and (4) identify relationships between 
bat activity and wind speed, temperature, 
precipitation, barometric pressure, and moon 
illumination. 
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Methods 


Bat Detector Deployment 

The Pioneer Mountains were assessed for a 
location on public land with: (1) open water for 
as much of the year as possible; (2) rock 
outcrops and trees that might be used as roosts 
by bats; (3) southern solar exposure that would 
allow a solar panel to charge a battery even 
during the winter; (4) year-round accessibility; 
and (5) a low likelihood of vandalism. An area 
along the Big Hole River met these criteria and 
on the afternoon of 14 February 2012 a Song 
Meter SM2Bat detector/recorder with an SMX- 
US microphone (Wildlife Acoustics Inc., 
Maynard, MA) was deployed on the bank of the 
river (Table 3, Figures l-3a). However, due to 
ice jams that threatened the initial location the 
detector was moved to an adjacent backwater 
in April of 2012 (Figure 3b-c). Overall, this 
detector was fully operational for a total of 866 
nights and 10,744 hours between 14 February 
2012 and 19 August 2014 (Table 3). 

The SM2Bat detector/recorder was deployed, 
monitored, and maintained with the 
equipment, supplies, settings, and protocols 
listed in Montana's Bat and White-Nose 
Syndrome Surveillance Plan and Protocols 2012- 
2016 (Maxell 2015). 

A variety of factors influence the detection of a 
bat echolocation call and the quality of the 
resulting recording. These include sensitivity of 
the individual microphone, temperature, 
humidity, wind speed, and frequency, 
amplitude, distance, and directionality of 
echolocation calls emitted by bats (Parsons and 
Szewczak 2009, Agranat 2014). The energy of 
sounds spreading in all directions diminishes by 
one fourth for every doubling of distance 


because the surface area of a sphere is related 
to the square of its radius. Furthermore, higher 
frequency sounds are diminished over shorter 
distances because of atmospheric absorption 
(Parsons and Szewczak 2009, Agranat 2014). 
Testing of the SMX-US microphone used in this 
study indicates that bats emitting frequencies in 
the range of 20 kHz should be detected at 
distances of 24 to 33 meters from the 
microphone while those emitting frequencies in 
the range of 40 kHz should be detected at 
distances of 18 to 22 meters (Agranat 2014). 
These distances are the radii of the relevant 
spheres of detection around microphones when 
they are at full sensitivity. However, we know 
that sensitivity varied over time by an unknown 
magnitude as a result of precipitation and 
freezing events, some of which permanently 
reduced the sensitivity of microphones (Table 
3). 

Data Management & Call Analyses 

Acoustic file recordings, in both original WAC 
and processed WAV formats, are stored in the 
Montana Bat Call Library which is housed on a 
series of 15-20 Terabyte Drobo 5D and 5N 
storage arrays at the Montana State Library as 
well as a secondary offsite location to protect 
against catastrophic loss. Acoustic analysis 
results, temperature files, weather station data, 
and solar and lunar data were all processed and 
combined within SQL database tables in 
accordance with the general work flow pattern 
for data management and analysis outlined in 
the text and in Appendices 8-10 of Maxell 
(2015). Bat call sequences were analyzed with 
the goal of definitively identifying individual 
species presence by month and individual 
species' minimum temperatures of activity in 
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accordance with the Echolocation Call 
Characteristics of Montana Bats and Montana 
Bat Call Identification materials in Appendices 6 
and 7 of Montana's Bat and White-Nose 
Syndrome Surveillance Plan and Protocols 2012- 
2016 (Maxell 2015). 

Weather Station Data 

Weather station data were downloaded using 
the Mesowest application programming 
interface as outlined in Appendix 9 of Maxell 
(2015). Temperature, wind speed, solar, and 
precipitation data were downloaded from the 
Wise River weather station (45.783, -112.933) 
which is located 17.7 kilometers northwest of 
the detector/recorder. Temperature, wind 
speed, and precipitation data were available for 
99.3%, 99.3%, and 99.2% of the hours of 
detector deployment, respectively. Barometric 
pressure data were downloaded from the Bert 
Mooney Airport weather station (45.95472, - 
112.4975) which is located 33.4 kilometers 
north-northeast of the detector/recorder. 
Barometric pressure data was available for 
98.6% of the hours of detector deployment. 


Solar and Lunar Data 

Solar and lunar data were calculated for all 
hours of detector deployment using the Python 
package ephem (3.7.6.0), which uses well- 
established numeric routines to produce high- 
precision astronomy computations (see 
Appendix 10 of Maxell 2015). The underlying 
code produces results nearly identical to data 
available from the U.S. Naval Observatory 
(Astronomical Applications Department). 

Precise times for sunrise, sunset, moonrise, 
moonset, and percent illumination at the 
detector were calculated based on latitude, 
longitude, and date. It should be noted that 
local topography is not incorporated into any of 
these calculations. Therefore, the exact timing 
of these events on the ground may differ 
slightly from those produced by this model, but 
should typically be within a few minutes unless 
local terrain differs greatly from the modeled 
horizon (e.g. if the site is at the bottom of a 
canyon). 
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Results 


Total Volume of Bat Passes and 
Auto-Identification Rates 

Between 14 February 2012 and 19 August 2014, 
a total of 111,369 bat call sequences were 
recorded, with 23.1 percent (monthly range 
11.3 to 45.5 percent) auto-identified to species 
by Sonobat 3.0 or Kaleidoscope Pro 2.0 
software. Overall rates of auto-identification 
were very similar to the regional network 
average of 23.7 percent for many months of the 
study (Table 4, Figure 4). 

Species Present & Activity Periods 

Of the 111,369 bat call sequences recorded, 
2,261 were fully reviewed by hand; 32 of the 
reviewed sequences were identified to species 
by Sonobat 3.0, 468 were identified to species 
by Kaleidoscope Pro 2.0,1,685 were identified 
by both software packages, and 76 had not 
been identified to species by either software 
package. Of the 209 months with calls auto- 
identified to 12 different species, 107 months 
(51 percent) were confirmed by hand review for 
nine species (Table 5). Big Brown Bat, Spotted 
Bat, Hoary Bat, Silver-haired Bat, Western 
Small-footed Myotis, Long-eared Myotis, Little 
Brown Myotis, and Fringed Myotis had 
relatively high rates of monthly hand 
confirmation (46.7 to 100 percent) (Table 5). 
Despite having auto-identified call sequences 
and potentially being present in the region, 
California Myotis could not be confirmed with a 
definitive call sequence (Tables 2 & 5, Maxell 
2015). California Myotis has been documented 
in the region with eight acoustic records prior to 
this study (Table 2, MTNHP 2016). We believe 
that this species should be regarded as likely 
present in the Pioneer Mountains because of 
prior acoustic documentation, but mist net 


capture and morphological verification is 
needed (Table 2, MTNHP 2016). We also 
classified 11 call sequences that were auto- 
identified as Yuma Myotis as probable. This 
region is outside the range where the species 
has been definitively documented with mist net 
captures, and we believe it is best to regard all 
of these sequences as only potentially Yuma 
Myotis until there is genetic confirmation of the 
species' presence in the region (Table 2, MTNHP 
2016). Long-legged Myotis has been confirmed 
in the Pioneer Mountains previously and a 
number of call sequences were auto-identified 
and hand classed as probable during this study. 
However, none of these call sequences met the 
definitive characteristics to confirm this species' 
presence. This species should be regarded as 
present in the region around the Pioneer 
Mountains with a low likelihood of acoustic 
detection (Tables 2 & 6, MTNHP 2016, Maxell 
2015). 

We documented eight of the nine species 
definitively detected in 29 monthly time periods 
in which there had been no previous 
documentation of their presence in the region, 
including two-month expansions in 
documented activity periods for Townsend's 
Big-eared Bat, Spotted Bat, Long-eared Myotis, 
and Fringed Myotis, four-month expansions for 
Big Brown Bat, Western Small-footed Myotis 
and Little Brown Myotis, and a nine-month 
expansion for Silver-haired Bat, which until 
recently was believed to be migratory (Table 6). 

As compared to the regional network of 
acoustic detectors, most of the species 
definitively confirmed at the Maiden Rock 
detector had reduced (two to six month) 
periods of confirmed activity (Table 7). In 
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general, there was limited confirmation of 
species' presence between November and 
February (Table 7). Limited detection during 
these colder time periods may indicate that 
many species that are year-round residents in 
portions of Montana either move away from 
this high elevation region during these colder 
months or have local winter roosts that are 
somewhat distant from the location of the 
acoustic monitoring station and do not often 
travel far enough during winter rehydration 
flights to be detected. The Silver-haired Bat, 
which was previously believed to be migratory, 
was an exception to this general pattern, being 
definitively confirmed active during all 12 
months of the year. This is strong evidence that 
the species overwinters locally with roost sites 
near the detector. 

General Patterns of Bat Activity 

Patterns of activity recorded at the Maiden 
Rock acoustic monitoring station were generally 
consistent with overall average bat activity 
patterns recorded across the regional network 
of acoustic detectors (Table 8, Figures 5-8). Bat 
activity was very limited, < 4 passes per night on 
average, between November and February. 
Flowever, at least some bat activity was 
documented every month in at least one of the 
study years (Tables 6-8, Figures 5 & 6b). 

Average nightly bat passes began to increase 
each year in mid to late April, reached a peak in 
late May to early June, held somewhat steady 
through August, and declined to minimal 
activity levels again in September. As compared 
to patterns of bat activity across the regional 
network of detectors, overall bat activity at the 
Maiden Rock detector peaked earlier in late 
May to early June and was greatly reduced in 
late August and September (Figures 5 & 6a 
versus Figure 7a). This possibly indicates that 


there is not a significant fall swarming or mating 
site near the detector (Parsons et al. 2003). 

Timing of Bat Activity 

During the active season (April to October), 
some level of bat activity was evident 
throughout most of the nighttime hours. 
Flowever, there was usually a major pulse of 
activity in the first couple of hours after sunset 
and the vast majority of activity occurred during 
the first four to five hours after sunset (Figure 
9a). This may be a result of relatively cold 
nighttime temperatures at this relatively high 
elevation site. This hypothesis is supported by 
the fact that fewer nighttime hours had activity 
during the colder months of April and October 
and activity was further reduced during these 
months in later nighttime hours (Figure 9a). 
Similarly, during the inactive season (November 
to April), bat activity was highest during the first 
two to three hours after sunset, although the 
overall call volume for the inactive season was 
extremely low (Figure 9b). 

Landscape Factors & Bat Activity 

Across the entire acoustic network, patterns 
between bat activity and landscape variables, 
such as ruggedness, the presence or absence of 
trees, and water body type, were evident 
(Figures 10 & 11). Bat activity was significantly 
higher during both the active and inactive 
seasons in rugged landscapes, areas with high 
densities of rock outcrops and cliffs available to 
roosting bats, as compared with non-rugged 
landscapes such as prairie or grassland habitats 
(Figure 10). The presence or absence of trees in 
rugged landscapes did not appear to have an 
effect on bat activity across the network (Figure 
10). Flowever, non-rugged landscapes had 
much higher bat activity levels between April 
and October when trees were available and 
non-rugged landscapes without trees lacked 
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any bat activity from November through March 
(Figure 10). Trees provide both roosting and 
foraging habitat, and this pattern indicates that 
they are an important feature to bats in non- 
rugged landscapes. 

During the active season, there was also greater 
activity at detectors near large and small lentic 
waterbodies than at detectors near lotic 
waterbodies or without water (Figure 11a). This 
suggests that standing water bodies, especially 
large ones, are relatively important to bats for 
drinking and foraging within a landscape. 
Flowever, small and large rivers are also clearly 
important for providing drinking opportunities 
for bats during the colder months of November 
through March (Figure lib). The Maiden Rock 
area is a relatively rugged landscape and is near 
a large river and a small backwater pool (Figures 
2 & 3). It is therefore likely an important 
roosting, foraging, and drinking site during the 
active season and roosting and drinking site 
during the colder months. 

Temperature & Bat Activity 

Nightly average bat pass temperatures 
recorded at the detector ranged from 8.6 to 
20.3°C during the active season and 0.7 to 9.9°C 
during the inactive season (Table 9). 

Throughout the study, maximum background 
and bat pass temperatures recorded at the 
detector closely approximated one another 
(Table 9). Flowever, average and minimum bat 
pass temperatures recorded at the detector 
were consistently much higher than average 
and minimum background temperatures; 
monthly averages ranged from 0.4 to 9.0°C 
higher and monthly minimums ranged from 0.6 
to 21.4°C higher (Table 9, Figure 12). Similarly, 
the distribution of temperatures recorded at 
the Wise River weather station, 17.7 kilometers 


to the northwest of the detector, that were 
associated with bat passes was significantly 
higher than the distribution of background 
temperatures (Figure 13). Thus, bats 
consistently restricted their activity to warmer 
time periods from the range of background 
temperatures that were available to them. This 
same pattern holds across the entire detector 
network with more than 99 percent of bat 
activity restricted to temperatures above 
freezing and 97 percent of bat activity restricted 
to temperatures above 5°C (Figure 14). 

Monthly minimum bat pass temperatures 
confirmed for individual species ranged from 
6.0 to 12.3°C for Townsend's Big-eared Bat, 3.6 
to 24.7°C for Big Brown Bat, 4.2 to 21.9°C for 
Spotted Bat, 10.3 to 21.6°C for Floary Bat, -3.6 
to 23.7°C for Silver-haired Bat, 11.3 to 18.9°C 
for Western Small-footed Bat, 5.7 to 19.9°C for 
Long-eared Myotis, 4.1 to 23.9°C for Little 
Brown Myotis, and 6.9 to 19.9°C for Fringed 
Myotis (Tables 10 & 11, Appendix B). The 
minimum bat pass temperatures recorded for 
individual species at the Maiden Rock acoustic 
detector were 0.3 to 16.1°C higher than have 
been recorded on other detectors across the 
region network to-date (Table 11, Appendix B). 
This possibly indicates that roost sites for most 
species are somewhat distant from the detector 
location and that bats may not be flying far 
from their roost sites during colder weather 
conditions in this relatively harsh high elevation 
landscape. 

Wind Speed & Bat Activity 

Bat activity patterns in relation to wind speed 
recorded at the Wise River weather station, 

17.7 kilometers to the northwest of the acoustic 
detector, indicate that bats are more active at 
wind speeds of 1 to 4 meters per second (71 
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percent of overall activity) than would be 
expected if bat activity was randomly 
distributed across all wind speeds available to 
them. Furthermore, 96 percent of bat activity 
was associated with wind speeds at or below 5 
meters per second, leaving only a tiny fraction 
of activity associated with wind speeds greater 
than this (Figure 15). 

Across the entire detector network, bat activity 
was greater than expected at random for wind 
speeds at 1 to 4 meters per second (Figure 16). 
Wind speeds less than 4 meters per second 
accounted for 84 percent of bat passes and 
wind speeds less than 7 meters per second 
accounted for 97 percent of bat passes (Figure 
16). Given the relatively large distance between 
some bat detectors and weather stations (e.g., 
the Maiden Rock detector and Wise River 
weather station), it seems likely that, if 
anything, bats probably restrict their flight to 
even lower wind speeds than the associations in 
Figures 15 & 16 indicate. 

Barometric Pressure & Activity 

Nearly 87 percent of bat activity was associated 
with little to no change (-1 to +1 millibars) in 
hourly barometric pressure recorded at the Bert 
Mooney Airport weather station, located 33.4 
kilometers to the north-northeast of the 
acoustic detector. However, bat activity was 
greater than would be expected in the negative 
pressure change classes down to -3 millibars of 
change per hour and was less than expected 
with neutral or positive changes up to 1 to 2 
millibars per hour than if bat activity were 
randomly distributed across the background 
pressure change classes that were recorded 
(Figure 17). 


This same pattern is evident across the detector 
network (Figure 18). Approximately 73 percent 
of bat activity across the network was 
associated with little to no change (-1 to +1 
millibars) in hourly barometric pressure. 
However, bat activity was greater than 
expected during negative hourly changes (-1 to - 
3 millibars) and is less than expected with 
neutral or positive hourly changes (1 to 2 
millibars) than if it were randomly distributed 
across background pressure change classes 
(Figure 18). 

Precipitation & Bat Activity 

Bat activity was just slightly lower (only 0.4 
percent) during hours with precipitation than 
expected if bat activity was distributed at 
random relative to background hours 
associated with and without precipitation and 
just slightly higher than expected (only 0.4 
percent) during periods without precipitation 
(Figure 19). This may simply be a result of: (1) 
nighttime precipitation events in the Pioneer 
Mountains are rare with only 2.5 percent of 
nighttime hours associated with precipitation at 
the Wise River weather station; (2) the Wise 
River weather station is approximately 17.7 
kilometers from the bat detector; and (3) 
precipitation was coded in hourly bins while 
bats are capable of flight within minutes after 
the passage of a storm front. Thus, bat activity 
recorded at the acoustic detector at Maiden 
Rock may not be all that meaningful with regard 
to precipitation events recorded at the Wise 
River weather station. 

Across the acoustic detector network, bat 
activity was just slightly higher (less than 1 
percent) during hours without precipitation 
than would be expected if bat activity was 
randomly distributed between hours with and 
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without precipitation and just slightly lower 
(less than 1 percent) during hours with 
precipitation than would be expected at 
random (Figure 20). Again, because hourly 
precipitation events are rare, the weather 
stations were often somewhat distant from the 
acoustic detectors, and because precipitation 
was coded in hourly bins while bats are capable 
of flight within minutes after the passage of a 
storm front, patterns of bat activity relative to 
recorded precipitation events at weather 
stations may not be all that meaningful. 

Moonlight & Bat Activity 

Patterns in the percent of hours with bat 
activity generally tracked patterns in the 
background percent of hours associated with 
various moon conditions (Figure 21). However, 
bat activity was greater than would be expected 
at random at most illumination levels when the 
moon was below the horizon and at 
illumination levels up to 0.5 when the moon 
was above the horizon (Figure 21). At moon 
illumination levels above 0.5, bat activity was 
less than would be expected if it were randomly 
distributed across all illumination categories. 
Thus, there is strong evidence that bats are 
reducing activity under conditions of greater 
illumination. 

The same general patterns of decreased activity 
at higher moon illumination levels were 
observed across the regional network of bat 
detectors. When the moon was below the 
horizon, activity was greater than would be 
expected at random at moon illumination levels 
of 0 to 0.3 and was generally less than would be 
expected at random at moon illumination levels 
above 0.6 (Figure 22). When the moon was 
above the horizon activity was greater than 
would be expected at random at moon 


illumination levels of 0.3 or less and less than 
would be expected at random at illumination 
levels of 0.6 or greater (Figure 22). Overall, bat 
activity was evident with progressively greater 
bat activity than would be expected at random 
when moon illuminations were less than 0.5 
and progressively less bat activity than would 
be expected at random when moon 
illuminations were greater than 0.5 (Figure 22). 
The importance of moon illumination to bat 
activity is further demonstrated by the 
relatively greater than expected increases in bat 
activities at illumination levels of 0.5 or less 
when the moon is below the horizon as 
compared to when it is above the horizon. 
Similarly, the relatively small decreases in bat 
activity at illumination levels greater than 0.5 
when the moon is below the horizon as 
compared to when it is above the horizon, also 
strongly supports the consistent importance of 
moon illumination to bat activity. 

Species Activity Patterns 

Identification of individual species activity 
patterns was hindered by relatively low, and 
potentially inconsistent, rates of auto¬ 
identification of call sequences to species (Table 
4, Maxell 2015). Big Brown Bat, Spotted Bat, 
Hoary Bat, Silver-haired Bat, Western Small¬ 
footed Myotis, Long-eared Myotis, Little Brown 
Myotis, and Fringed Myotis had relatively high 
rates of confirmation of monthly presence and 
enough calls auto-identified to examine trends 
(Table 5). Call sequences of known species 
identity in the Montana Bat Call Library have 
also had relatively high accuracy rates (>50 
percent correct auto-identification rates) for 
these species. However, activity patterns for 
these species from auto-identified call 
sequences should still be regarded as 
speculative due to a variety of issues that might 
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cause auto-identifications to be inaccurate 
and/or inconsistent (Maxell 2015). 

Of the eight species for which there is at least 
some justification for showing potential 
patterns of documented activity from auto- 
identified call sequences, there were at least 
three main patterns evident in average nightly 
passes per week (Figures 23 through 30). First, 
while general patterns of the timing and 
magnitude of activity were consistent for 
individual species across years between 2012 
and 2014, recorded activity for five of the eight 
species was relatively greater in 2014 than in 
2012 and 2013. Second, Big Brown Bat, Silver- 
haired Bat, Western Small-footed Myotis, and 
Little Brown Myotis showed more year-round 
activity than other species which limited their 
activity more to individually consistent time 
periods during the warmer months. Finally, 
Western Small-footed Myotis and Little Brown 
Myotis activity was generally an order of 
magnitude higher (often > 15-20 call sequences 
per night) than was recorded for other species 
(often < 1 call sequence per night). 


Availability of Data Summaries 

The latest tabular and chart data summaries for 
bat activity patterns in association with time, 
weather, and other correlates for detectors 
across the regional network of ultrasonic 
acoustic monitoring stations are available by 
request from the Montana Natural Fleritage 
Program through an Excel workbook. Pivot 
tables and charts in topical worksheets in this 
workbook can be filtered to produce the latest 
data summaries for one or more sites, time 
periods, and species. 

As confirmations of individual species monthly 
presence and minimum temperatures of activity 
are made, this information is added to the 
animal point observation database at the 
Montana Natural Fleritage Program and is 
available to agency biologists and resource 
managers for regional and project-level 
planning online in the context of a variety of 
map information through the MapViewer web 
application http://mtnhp.org/mapviewer/ 
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Management Recommendations 


The above measures of overall bat activity near 
the detector, hand confirmed presence of 
individual species by month, and hand 
confirmed minimum temperatures associated 
with bat passes of individual species are all 
stable metrics upon which management 
recommendations can be made. However, 
patterns of activity of individual species 
resulting from automated analyses should be 
used with a great deal of caution due to low 
rates of species assignment and low or 
uncertain rates of accuracy of those 
assignments. Furthermore, it should be noted 
that bat activity measured during this study was 
made by a microphone on a 9-10 foot mast and 
may not have adequately sampled the activity 
of high flying bats such as the Hoary Bat and 
Silver-haired Bat, which together with the 
Eastern Red Bat are the three species that have 
suffered approximately 75% of the documented 
mortalities associated with wind turbines across 
North America (Kunz et al. 2007). Thus, the 
following management recommendations avoid 
use of activity patterns of individual species as 
determined by automated analyses and instead 
rely on results of hand confirmed analyses, 
general patterns of bat activity that were 
recorded at the study site, and results of 
published studies of wind turbine impacts on 
bat species. 

The following management recommendations 
are based on information gathered during this 
study, literature and documentation in 
Montana's animal point observation database 
on the roosting habits and habitats of 
Montana's bat species (Appendix C, MTNHP 


2016), compilations of literature on the impacts 
of wind turbines on bats (Table 1, Appendix A, 
see especially Schuster et al. 2015), and new 
voluntary best management practices adopted 
by the American Wind Energy Association 
(AWEA 2015). 

Management recommendations include: (1) 
protecting potential natural roost sites by 
conserving large diameter trees (especially 
snags with loose bark), rock outcrops, cliff 
crevices, and caves (Appendix C); (2) 
maintaining accessibility for underground mine 
entrances that bats may be using as summer or 
winter roosts; (3) reducing structural complexity 
of vegetation (e.g., short stature grasslands) 
and availability of standing waters that might 
provide drinking opportunities for bats near 
wind turbines or other human structures that 
might represent a threat to bats or where bats 
are undesired; (4) if wind turbines are installed 
in the region, set turbine cut-in speeds to > 6.0 
m/sec between April and October-especially 
important in July during peak bat activity when 
young are newly flighted, and August, 
September, and October when migratory 
species are passing through and local bats are 
swarming and breeding; (5) feather wind 
turbine blades, making them parallel to wind 
direction, when wind speeds are <6 m/sec so 
that they rotate at fewer than 1-3 revolutions 
per minute between April and October; and (6) 
install bat houses on warm south and west 
facing walls of human structures to provide 
summer roosting habitat while avoiding bat use 
of internal portions of the structures. 
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Table 1 . Montana bat species, conservation status, and known or potential concerns from WNS and wind turbine facilities. 


Species 

Conservation Status 

Species known to be affected by 

White-Nose Syndrome / P. destructans 

Species known to be subject 
to mortality at wind turbines* 

Pallid Bat 

(Antrozous pallidus) = AN PA 

G4 S3, MT SOC, BLM 
Sensitive, USFS Sensitive 

No connection known at this time. 

No mortalities documented in 

literature. 

Townsend’s Big-eared Bat 
(Corynorhinus townsendii) = COTO 

G4 S3, MT SOC, BLM 
Sensitive, USFS Sensitive 

Detected, but no diagnostic sign of WNS (USFWS 2014). 
Potential winter roost vector. 

No mortalities documented in 

literature. 

Big Brown Bat 
(Eptesicus fuscus) = EPFU 

G5 S4 

Blehert et al. 2008, Langwig et al. 2012, 2014, Frank et al. 
2014. 

Johnson et al. 2004; Kunz et al. 
2007; Arnett et al. 2008, 2011. 

Spotted Bat 

(Euderma maculatum) = EUMA 

G4 S3, MT SOC, BLM 
Sensitive, USFS Sensitive 

No connection known at this time. 

No mortalities documented in 

literature. 

Silver-haired Bat 

(Lasionycteris noctivagans ) = LANO 

G3G4, Potential MT SOC 

Detected, but no diagnostic sign of WNS (Bernard et al. 2015, 
USFWS 2014). Potential regional migratory vector. 

Johnson et al. 2004; Kunz et al. 
2007; Arnett et al. 2008, 2011; 
Baerwald et al. 2009; Poulton 
and Erickson 2010. 

Eastern Red Bat 
(Lasiurus borealis) = LABO 

G3G4 SU, Potential MT 

SOC 

Detected, but no diagnostic sign of WNS (Bernard et al. 2015, 
USFWS 2014). Potential regional migratory vector. 

Kunz et al. 2007; Arnett et al. 
2008,2011. 

Hoary Bat 

(Lasiurus cinereus) = LACI 

G3G4 S3, MT SOC 

No connection known at this time. 

Johnson et al. 2004; Kunz et al. 
2007; Arnett et al. 2008, 2011 ; 
Baerwald et al. 2009; Poulton 
and Erickson 2010. 

California Myotis 
(Myotis californicus) = MYCA 

G5 S4 

Close relatedness to M. leibii indicates possible susceptibility 
(Agnarsson et al. 2011, Langwig et al. 2012) 

No mortalities documented in 

literature. 

Western Small-footed Myotis 
(Myotis ciliolabrum) = MYCI 

G5 S4 

Relatively close relatedness to M. lucifugus indicates possible 
susceptibility (Frick et al. 2010, Agnarsson et al. 2011) 

No mortalities documented in 

literature. 

Long-eared Myotis 
(Myotis evotis) = MYEV 

G5 S4 

Close relatedness to M. sodalis indicates possible 
susceptibility (Agnarsson et al. 2011, Langwig et al. 2012) 

Kunz et al. 2007 

Little Brown Myotis 
(Myotis lucifugus) = MYLU 

G3 S3, MT SOC 

Blehert et al. 2008, Frick et al. 2010, Lorch et al. 2011, 
Warnecke et al. 2012, Johnson et al. 2014, Langwig et al. 

2012, 2014. 

Johnson et al. 2004; Kunz et al. 
2007; Arnett et al. 2008, 2011. 

Northern Myotis 

(Myotis septentrionaiis) = MYSE 

G1G2 SU, BLM Special 
Status, USFS Threatened, 
USFWS Listed Threatened 

Blehert et al. 2008, Langwig et al. 2012, 2014, USFWS 2015. 

Kunz et al. 2007; Arnett et al. 

2008 

Fringed Myotis 
(Myotis thysanodes) = MYTH 

G4 S3, MT SOC, BLM 
Sensitive 

Relatively close relatedness to M. lucifugus indicates possible 
susceptibility (Frick et al. 2010, Agnarsson et al. 2011) 

No mortalities documented in 

literature. 

Long-legged Myotis 
(Myotis volans) = MYVO 

G4G5 S4 

Close relatedness to M. sodalis indicates possible 
susceptibility (Agnarsson et al. 2011, Langwig et al. 2012) 

No mortalities documented in 

literature. 

Yuma Myotis 

(Myotis yumanensis) = MYYU 

G5 S3S4, Potential MT 

SOC 

Relatively close relatedness to M. grisescens indicates 
possible susceptibility (Agnarsson et al. 2011, USFWS 2014) 

No mortalities documented in 

literature. 


*Unidentified Myotis species mortalities have also been reported at the Judith Gap Wind Farm (Poulton and Erickson 2010). 
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Table 2. Bat species documented and potentially present in and around the Pioneer Mountains prior to this study 1 . 


Species 

Jan 

Feb 

March 

April 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Townsend's Big-eared Bat 
(Corynorhinus townsendii) 






A (1) 

A (1) 

C (1) 

C (1) 





Big Brown Bat 
(Eptesicus fuscus) 






A (6) 

■ 

A (11) 

C (1) 





Spotted Bat 
(Euderma maculatum) 







A (3) 

A (2) 





Hoary Bat 
(Lasiurus cinereus) 






A (2) 

m 

m 

A (2) 




Silver-haired Bat 
(Lasionycteris noctivagans) 







m 

A (8) 

A (1) 




California Myotis 
(Myotis californicus) 






A (2) 

A (3) 

A (3) 





Western Small-footed Myotis 
(Myotis ciliolabrum) 






B9 

A (13) 

C (3) 

A (12) 

C (4) 

■ 




Long-eared Myotis 
(Myotis evotis) 






A (5) 

A (12) 

C (7) 

■ 

m 




Little Brown Myotis 
(Myotis lucifugus) 







■ 

■ 

A (2) 




Fringed Myotis 
(Myotis thysanodes) 







■ 

■ 





Long-legged Myotis 
(Myotis volans) 







C(5) 

C (1) 

A (1) 




Yuma Myotis 
(Myotis yumanensis) 














1 Number of records in the point observation database at the Montana Natural Heritage Program prior to this study (MTNHP 2016). A = acoustic record. C = 
capture record. Records may include multiple individuals. 
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Table 3. Deployment history of SM2Bat detector/recorder at Maiden Rock. 


Service Date 

Comments 

2/14/2012 

Deployed detector on the bank of the Big Hole River at Latitude = 45.70516 and Longitude = -112.73734. 

2/16/2012 

Detector/recorder and microphone were checked and data were downloaded. Only WAV files were saved. 

3/13/2012 

Detector/recorder and microphone were checked and data were downloaded. Only WAV files were saved. 

4/11/2012 

Detector/recorder and microphone were checked and data were downloaded. Due to threats posed by ice jams on the river, 
the detector/recorder and microphone were moved to an adjacent backwater at Latitude = 45.70533 and Longitude = - 
112.73565. Only WAV files were saved. 

4/23/2012 

Detector/recorder and microphone were checked and data were downloaded. Only WAV files were saved. 

4/26/2012 

Detector/recorder and microphone were checked and data were downloaded. Only WAV files were saved. 

5/10/2012 

Detector/recorder and microphone were checked and data were downloaded. Only WAV files were saved. 

5/26/2012 

Detector/recorder and microphone were checked and data were downloaded. 

7/25/2012 

Detector/recorder and microphone were checked and data were downloaded. Replaced solar panel and battery after a charge 
controller on the solar panel failed. 

10/23/2012 

Detector/recorder and microphone were checked and data were downloaded. 

11/21/2012 

Detector/recorder and microphone were checked and data were downloaded. Files were recorded directly in WAV format 
during this recording session, but these resulted in large numbers of noise files that had to be hand scrubbed. 

2/14/2013 

Detector/recorder and microphone were checked and data were downloaded. Files were recorded directly in WAV format 
during this recording session, but these resulted in large numbers of noise files that had to be hand scrubbed. Unit was reset 
to record in WAC format to avoid this problem. 

6/10/2013 

Detector/recorder and microphone were checked and data were downloaded. 

9/2/2013 

Detector/recorder and microphone were checked and data were downloaded. Replaced AA batteries. Upgraded firmware to 
3.2.5. Microphone had lost sensitivity and was replaced. 

1/22/2014 

Detector/recorder and microphone were checked and data were downloaded. Microphone was tested and had adequate 
sensitivity. 

3/13/2014 

Detector/recorder and microphone were checked and data were downloaded. 

6/23/2014 

Detector/recorder and microphone were checked and data were downloaded. 

10/6/2014 

Detector/recorder and microphone were checked and data were downloaded. Unknown at the time, but the power system 
had begun to malfunction prior to this check. 

1/26/2015 

Decommissioned detector. 
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Table 4. Detector status as measured by percent of calls auto-identified to species 


Year 

Month 

Total No. 
of Calls 1 

No. Calls Classified to 
Species 1 

% Auto-identified 
to Species 1 

2012 

March 

132 

60 

45.45% 

2012 

April 

446 

87 

19.51% 

2012 

May 

7408 

1184 

15.98% 

2012 

June 

17139 

2826 

16.49% 

2012 

July 2 

1040 

311 

29.90% 

2012 

August 

6470 

1371 

21.19% 

2012 

September 

5961 

900 

15.10% 

2012 

October 

317 

54 

17.03% 

2012 

November 

52 

19 

36.54% 

2012 

December 

52 

8 

15.38% 

2013 

January 

80 

32 

40.00% 

2013 

February 

65 

18 

27.69% 

2013 

March 

140 

28 

20.00% 

2013 

April 

547 

89 

16.27% 

2013 

May 

11876 

1340 

11.28% 

2013 

June 

8316 

1145 

13.77% 

2013 

July 

4672 

1221 

26.13% 

2013 

August 

4229 

1203 

28.45% 

2013 

September 

2711 

558 

20.58% 

2013 

October 

730 

121 

16.58% 

2013 

November 

105 

27 

25.71% 

2013 

December 

34 

13 

38.24% 

2014 

January 

19 

7 

36.84% 

2014 

February 

47 

13 

27.66% 

2014 

March 

54 

7 

12.96% 

2014 

April 

1226 

154 

12.56% 

2014 

May 

10870 

1576 

14.50% 

2014 

June 

14183 

2131 

15.03% 

2014 

July 

7006 

1960 

27.98% 

2014 

August 

5442 

1525 

28.02% 



1 = 111,369 

l = 19,988 

X = 23.1% 


1 Microphone sensitivity was relatively stable throughout deployment. 

2 A charge controller malfunctioned during this time period causing the battery to die. See comments in Table 


3 . 
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Table 5. Monthly rates of hand confirmation from automated analysis results 


Species 

No. months with 
automated 
identification of 
species 

No. months with 
hand confirmed 
identification of 
species 

Percent of months 
automated 
identification was 
hand confirmed 

Townsend's Big-eared Bat 
(Corynorhinus townsendii) 1 

12 

2 

16.7% 

Big Brown Bat 
(Eptesicus fuscus) 

30 

14 

46.7% 

Spotted Bat 
(Euderma maculatum) 

6 

6 

100.0% 

Hoary Bat 
(Lasiurus cinereus) 

14 

10 

71.4% 

Silver-haired Bat 
(Lasionycterus noctivagans) 

30 

26 

86.7% 

California Myotis 
(Myotis californicus) 2 

15 

0 

0.0% 

Western Small-footed Myotis 
(Myotis ciliolabrum) 

30 

16 

53.3% 

Long-eared Myotis 
(Myotis evotis) 

14 

13 

92.9% 

Little Brown Myotis 
(Myotis iucifugus) 

21 

19 

90.5% 

Fringed Myotis 
(Myotis thysanodes) 

2 

1 

50.0% 

Long-legged Myotis 
(Myotis volans ) 3 

17 

0 

0.0% 

Yuma Myotis 
(Myotis yumanensis ) 4 

18 

0 

0.0% 


2 = 209 

2 = 107 

X = 51.2% 


1 Species is relatively quiet and often does not create fully definitive echolocation call recordings on bat 
detectors. 


2 California Myotis calls can overlap with Western Small-footed Myotis, Yuma Myotis, and Little Brown Myotis 
calls (Maxell 2015). Several call sequences were auto-identified as California Myotis. However, these call 
sequences lacked the definitive characteristics necessary to confirm the species presence. The species’ presence 
in the region is currently based on eight acoustic records. Mist net capture and morphological verification is 
needed. 

3 Long-legged Myotis calls can overlap with Western Small-footed Myotis, Long-eared Myotis, Little Brown 
Myotis, and Fringed Myotis calls and rarely have call characteristics recorded that allow them to be definitively 
identified as Long-legged Myotis (Maxell 2015). Several call sequences were auto-identified as Long-legged 
Myotis. However, these call sequences lacked the definitive characteristics necessary to confirm the species’ 
presence. 

4 Yuma Myotis calls can overlap with Little Brown Myotis and California Myotis calls (Maxell 2015). We 
classified 11 call sequences that were auto-identified as Yuma Myotis as probable. This region is outside the 
range where the species has been documented with mist net capture. Mist net capture and genetic verification is 
needed. 
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Table 6. Species definitively detected by month each year of the study 1 


Species 

Jan 

Feb 

March 

April 

May 

June 

July 2 

Aug 

Sept 

Oct 

Nov 

Dec 

Townsend's Big-eared Bat 
(Corynorhinus townsendii) 3 





2012 





2012 



Big Brown Bat 
(Eptesicus fuscus) 



2012 

2013 


2012 

2013 

2014 

2012 

2013 

2014 

2012 

2013 

2014 

2012 


2013 

2012 


Spotted Bat 
(Euderma maculatum) 






2012 

2013 

2014 

2013 

2014 




2012 


Hoary Bat 
(Lasiurus cinereus) 






2012 

2013 

2014 

2012 

2013 

2014 

2012 

2013 

2014 

2013 




Silver-haired Bat 
(Lasionycteris noctivagans) 

2013 

2014 

2013 

2014 

2012 

2014 

2012 

2014 

2012 

2013 

2014 

2012 

2013 

2014 

2012 

2013 

2014 

2012 

2013 

2014 

2012 

2013 

2012 

2013 

2013 

2013 

California Myotis 
(Myotis californicus ) 4 













Western Small-footed Myotis 
(Myotis ciliolabrum) 



2012 

2013 

2012 

2013 

2014 

2012 

2013 

2014 

2012 

2013 

2014 

2012 

2013 

2014 

2013 

2013 



Long-eared Myotis 
(Myotis evotis) 




2013 

2012 

2013 

2014 

2012 

2013 

2014 

2013 

2014 

2012 

2013 

2014 

2012 

2013 




Little Brown Myotis 
(Myotis lucifugus) 




2012 

2013 

2014 

2012 

2013 

2014 

2012 

2013 

2014 

2012 

2013 

2014 

2012 

2013 

2014 

2012 

2013 

2012 

2013 



Fringed Myotis 
(Myotis thysanodes) 





2012 

2012 

2013 






Long-legged Myotis 
(Myotis volans ) 5 













Yuma Myotis 
(Myotis yumanensis ) 6 














1 Blue cells of table indicate documentation of the species in the region during this month prior to this study. 

2 See comment in Table 3 regarding power system malfunction in July of 2012. 
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3 Species is relatively quiet and often does not create fully definitive echolocation call recordings on bat detectors. 

4 California Myotis calls can overlap with Western Small-footed Myotis, Yuma Myotis, and Little Brown Myotis calls (Maxell 2015). Several call sequences were auto- 
identified as California Myotis. However, these call sequences lacked the definitive characteristics necessary to confirm the species presence. The species’ presence in 
the region is currently based on eight call sequences. Mist net capture and morphological verification is needed. 

5 Long-legged Myotis calls can overlap with Western Small-footed Myotis, Long-eared Myotis, Little Brown Myotis, and Fringed Myotis calls and rarely have call 
characteristics recorded that allow them to be definitively identified as Long-legged Myotis (Maxell 2015). Several call sequences were auto-identified as Long-legged 
Myotis. However, these call sequences lacked the definitive characteristics necessary to confirm the species’ presence. 

6 Yuma Myotis calls can overlap with Little Brown Myotis and California Myotis calls (Maxell 2015). We classified 11 call sequences that were auto-identified as Yuma 
Myotis as probable. This region is outside the range where the species has been documented with mist net capture. Mist net capture and genetic verification is needed. 
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Table 7. Species definitively detected by month across the acoustic detector network (blue cells) and at the Maiden Rock detector (X) 


Species 

Jan 

Feb 

March 

April 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Townsend's Big-eared Bat 
(Corynorhinus townsendii ) 1 





X 





X 



Big Brown Bat 
(Eptesicus fuscus) 



X 


X 

X 

X 

X 


X 

X 


Spotted Bat 
(Euderma maculatum) 






X 

X 




X 


Hoary Bat 
(Lasiurus cinereus) 





X 

X 

X 

X 





Silver-haired Bat 
(Lasionycteris noctivagans) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

California Myotis 
(Myotis californicus) 2 













Western Small-footed Myotis 
(Myotis ciliolabrum) 



X 

X 

X 

X 

X 

X 

X 

X 



Long-eared Myotis 
(Myotis evotis) 




X 

X 

X 

X 

X 

X 




Little Brown Myotis 
(Myotis lucifugus) 




X 

X 

X 

X 

X 

X 

X 



Fringed Myotis 
(Myotis thysanodes) 





X 

X 

X 






Long-legged Myotis 
(Myotis volans) 3 













Yuma Myotis 
(Myotis yumanensis) 4 














1 Species is relatively quiet and often does not create fully definitive echolocation call recordings on bat detectors. 

2 California Myotis calls can overlap with Western Small-footed Myotis, Yuma Myotis, and Little Brown Myotis calls (Maxell 2015). Several call sequences were 
auto-identified as California Myotis. However, these call sequences lacked the definitive characteristics necessary to confirm the species presence. The species’ 
presence in the region is currently based on eight call sequences. Mist net capture and morphological verification is needed. 

3 Long-legged Myotis calls can overlap with Western Small-footed Myotis, Long-eared Myotis, Little Brown Myotis, and Fringed Myotis calls and rarely have call 
characteristics recorded that allow them to be definitively identified as Long-legged Myotis (Maxell 2015). Several call sequences were auto-identified as Long- 
legged Myotis. However, these call sequences lacked the definitive characteristics necessary to confirm the species’ presence. 

4 Yuma Myotis calls can overlap with Little Brown Myotis and California Myotis calls (Maxell 2015). We classified 11 call sequences that were auto-identified as 
Yuma Myotis as probable. This region is outside the range where the species has been documented with mist net capture. Mist net capture and genetic verification 
is needed. 
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Table 8. Bat passes summarized by month across all species 


Year 

Month 

Total 
no. bat 

passes 

No. 

sample 
nights 1 

Avg no. 
of nightly 
passes 

StDev of 
nightly 
passes 

Min count of 
nightly bat 
passes 

Max count of 
nightly bat 
passes 

2012 

2 

0 

2 

0 

0 

0 

0 

2012 

3 

132 

30 

4.4 

13.3 

0 

73 

2012 

4 

446 

30 

14.9 

19.5 

0 

72 

2012 

5 

7071 

17 

415.9 

316.1 

0 

1120 

2012 

6 

17139 

29 

591 

240.1 

124 

1168 

2012 

7 

1040 

9 

115.6 

58.8 

60 

228 

2012 

8 

6470 

31 

208.7 

158.4 

57 

698 

2012 

9 

5961 

30 

198.7 

199.3 

2 

710 

2012 

10 

317 

31 

10.2 

15.2 

0 

67 

2012 

11 

52 

30 

1.7 

2.4 

0 

8 

2012 

12 

52 

31 

1.7 

6.2 

0 

33 

2013 

1 

80 

31 

2.6 

4.3 

0 

18 

2013 

2 

65 

28 

2.3 

5.3 

0 

23 

2013 

3 

140 

31 

4.5 

7.6 

0 

34 

2013 

4 

547 

30 

18.2 

27.7 

0 

144 

2013 

5 

11876 

31 

383.1 

256.6 

15 

862 

2013 

6 

8316 

30 

277.2 

183.5 

62 

874 

2013 

7 

4672 

31 

150.7 

102.8 

41 

574 

2013 

8 

4229 

31 

136.4 

52.4 

59 

254 

2013 

9 

2711 

30 

90.4 

71.6 

0 

244 

2013 

10 

730 

31 

23.5 

23.4 

0 

87 

2013 

11 

105 

30 

3.5 

5 

0 

25 

2013 

12 

34 

31 

1.1 

2.5 

0 

13 

2014 

1 

19 

31 

0.6 

2.3 

0 

10 

2014 

2 

47 

28 

1.7 

6.1 

0 

32 

2014 

3 

54 

31 

1.7 

2.4 

0 

9 

2014 

4 

1226 

30 

40.9 

53 

1 

239 

2014 

5 

10870 

31 

350.6 

298.3 

23 

1092 

2014 

6 

14183 

30 

472.8 

299.1 

98 

1185 

2014 

7 

7006 

31 

226 

93.4 

51 

445 

2014 

8 

5442 

29 

187.7 

166.4 

0 

457 

2014 

9 

0 

25 

0 

0 

0 

0 

2014 

10 

0 

28 

0 

0 

0 

0 

2014 

11 

0 

10 

0 

0 

0 

0 

2014 

12 

0 

4 

0 

0 

0 

0 

2015 

1 

0 

ii 

0 

0 

0 

0 


1 Number of nights the detector/recorder was powered and logging temperatures and capable of recording bat passes. The 
detector/recorder was insufficiently powered for 22 days during July of 2012 and during portions of the deployment period 
after late-August of 2014 due to power system malfunctions and the microphone lost sensitivity in September of 2013 and 
September of 2014 (see Table 3). 
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Table 9. Nightly background and bat pass temperatures summarized by month 1 


Year 

Month 

Background 
Temp C 
Avg(SD) N 

Bat Pass 
Temp C 
Avg(SD) N 

Background 

Min 

Temp C 2 

Bat Pass 

Min 
Temp C 

Background 
Max 
Temp C 

Bat Pass 

Max 
Temp C 

2012 

2 

-5.4 (3.6) 266 

3 

-10.4 

3 

2.2 

3 

2012 

3 

2.7 (5)4228 

8.6 (4.9) 132 

-12.9 

-3.6 

15.3 

15.3 

2012 

D 

4.3 (5.1) 3762 

8.6 (3.8) 446 

-8.4 

-1.1 

20.1 

19.9 

2012 

5 

9.5 (5.3) 1713 

13.6 (4.8) 7071 

1.3 

1.9 

22.6 

22.6 

2012 

6 

13.2 (5.2) 2818 

14.3 (4.5) 17139 

1.4 

4.4 

26.4 

26.4 

2012 

D 

18.8 (4.4) 962 

20.3 (4.4) 1040 

11 

11.7 

28.9 

28.5 

2012 

8 

17.5 (4.4) 3703 

19.3 (4.2) 6461 

5.1 

7 

30 

30 

2012 

9 

13.3 (4.5) 4163 

17.3 (3.8) 5961 

2.4 

5.5 

26.9 

26.5 

2012 

10 

5.3 (5.1) 7024 

10.1 (3.9) 317 

-4.4 

-0.1 

21.2 

20.4 

2012 

11 

-0.9 (5.9) 15294 

4.7 (3.7) 52 

-17.5 

-1.1 

14.5 

14 

2012 

12 

-1.8 (4.8) 11803 

1.2 (3.2) 52 

-15.8 

-3.8 

8.9 

6 

2013 

D 

-4.7 (6.2) 16612 

0.7 (3.4) 80 

-20.5 

-5.4 

8.5 

7.4 

2013 

2 

-0.9 (3.3) 7387 

2.4 (1.2) 65 

-11.9 

0.6 

7.5 

4.2 

2013 

3 

2.4 (4.7) 4512 

9.9 (3.7) 140 

-9.4 

0.9 

14.3 

14.3 

2013 

D 

4.4 (5.3) 3759 

10 (3.4) 547 

-7.1 

0.8 

17 

17 

2013 

5 

10.3 (4.2) 3364 

12.7 (3.2) 11876 

-2.4 

4.2 

24.7 

24.7 

2013 

6 

14.1 (4.6) 2994 

14.9 (4.4) 8314 

3.9 

4.9 

27.2 

27 

2013 

7 

18.7 (3.7) 3249 

19.1 (3.5) 4672 

10.7 

11.5 

28.4 

28.4 

2013 

8 

17.5 (3.8) 3699 

19.7 (3.7) 4229 

10.2 

10.8 

28.2 

28.2 

2013 

9 

12.9 (5) 4149 

18.3 (3.8) 2711 

on 
t— i 

5.2 

24.9 

24.9 

2013 

10 

4.7 (3.9) 4884 

10.7 (2.5) 730 

-4.1 

1.7 

16.1 

16.1 

2013 

11 

1.9 (4.5) 5236 

6.5 (3.5) 105 

-9.6 

-2.4 

13.3 

12.3 

2013 

12 

-3.5 (8.2) 5683 

5.5 (3.6) 34 

-20.5 

-2.6 

9.4 

9 

2014 

n 

-0.2 (4.5) 5537 

2.8 (3.7) 19 

-13 

-0.6 

10.3 

8 

2014 

2 

-4.7 (7.5) 4583 

3.8 (2.2) 47 

-20.5 

0.9 

8.2 

7.7 

2014 

3 

2.5 (5.3) 4517 

6.4 (3.9) 54 

-15.2 

-0.3 

14 

13.2 

2014 

D 

5.6 (3.8) 3809 

10 (3.4) 1226 

-4.6 

1.7 

17.1 

17.1 
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Table 9. Continued. 


Year 

Month 

Background 
Temp C 
Avg(SD) N 

Bat Pass Temp C 
Avg(SD) N 

Background 

Min 

Temp C 

Bat Pass 

Min 
Temp C 

Background 

Max 

Temp C 

Bat Pass 

Max 
Temp C 

2014 

6 

12.9 (3.2) 3058 

15.1 (2.8) 14183 

5.4 

6.2 

20.9 

20.9 

2014 

7 

18.5 (3.7) 3276 

18.2 (3.4) 7006 

9.2 

9.8 

27.7 

27.7 

2014 

8 

17.8 (3) 3351 

18.6 (3.3) 5442 

7.9 

12.2 

25.9 

25.9 

2014 

9 

19.5 (3.6) 964 

3 

6.7 

3 

25.7 

3 

2014 

10 

17.5 (4.2) 640 

3 

4.2 

3 

24.9 

3 

2014 

11 

10 (5.2) 195 

3 

-8.1 

3 

18.8 

3 

2014 

12 

7.7 (2.9) 38 

3 

0.1 

3 

10.8 

3 

2015 

1 

7.3 (3.5) 193 

3 

-2.1 

3 

13 

3 


1 Temperatures should only be regarded as being indicative of the general temperature at the time of detection. 
Temperatures were recorded at the detector approximately 1-meter above ground level while the microphone 
was mounted at approximately 3-meters above ground level and bats were in flight at an unknown altitude, but 
probably typically within 30-meters of ground level. Temperatures of the bat's roost environment at the time 
flights were initiated are also obviously unknown. 

2 It appears that the SM2 detector/recorder failed to record temperatures below -20.5 °C given that it was the 
lowest temperature recorded on three separate months. 

3 No calls recorded due to power system malfunction (see Table 3). 
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Table 10. Monthly minimum bat pass temperatures (°C) recorded for individual species hand confirmed 
as definitively present 1 


Species 2 

Year 

Jan 

Feb 

March 

April 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

COTO 

2012 





12.3 





6 



EPFU 

2012 



3.9 


21.6 

14 

13.2 

20.9 



3.6 


EPFU 

2013 



4.1 


24.7 

21.7 

19.8 



8.9 



EPFU 

2014 





17 

13.5 

18.8 






EUMA 

2012 






21.9 





4.2 


EUMA 

2013 






17.4 

16.3 






EUMA 

2014 






14.8 

15.8 






LACI 

2012 






11.8 

21.6 

16.8 





LAG 

2013 






18.3 

16 

15 

10.3 




LAG 

2014 






17 

17.6 

17.8 





LANO 

2012 



-3.6 

9.8 

19.3 

18.4 

11.7 

17.8 

17.1 

-0.1 



LANO 

2013 

-3.1 

0.6 



16.3 

18.8 

23.7 

14.6 

17.6 

13.2 

2.2 

3.9 

LANO 

2014 

-0.6 

3.9 

6.4 

7 

16.8 

12.8 

21.2 

21.1 





MYG 

2012 



12.3 


11.7 

13.8 

13.2 

17.3 





MYG 

2013 




16.3 

15.5 

16.1 

18.1 

18.8 

19.1 

11.3 



MYG 

2014 





11.8 

16.8 

13.8 

18.9 





MYEV 

2012 





19.6 

7.4 


14.5 

12.3 




MYEV 

2013 




12.8 

13.3 

5.7 

19.9 

18.8 

11.3 




MYEV 

2014 





13.6 

6.2 

10.7 

15.5 





MYLU 

2012 




6.7 

12.3 

12.2 

16 

15.3 

13.8 

12.7 



MYLU 

2013 




4.1 

19.4 

12.7 

18.4 

13.8 

17.4 

12.3 



MYLU 

2014 




12.2 

18.4 

12.3 

15.5 

23.9 





MYTH 

2012 





6.9 

14 







MYTH 

2013 







19.9 







1 Temperatures should only be regarded as being indicative of the general temperature at the time of detection. 
Temperatures were recorded at the detector approximately 1-meter above ground level while the microphone 
was mounted at approximately 3-meters above ground level and bats were in flight at an unknown altitude, but 
probably typically within 30-meters of ground level. Temperatures of the bat's roost environment at the time 
flights were initiated are also obviously unknown. 

2 Species codes are the first two letters of the genus and species names. 
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Table 11. Minimum bat pass temperatures recorded for definitive call sequences of species across the 


detector network and at t 

he Maiden Rock detector 1 

Species 

Minimum Temperature 
Recorded (°C) Across 
Network 2 

Minimum Temperature 
Recorded (°C) at Maiden 
Rock Detector 3 

Pallid Bat 

(Antrozous pa IIid us) 

5.2 

na 

Townsend's Big-eared Bat 
(Corynorhinus townsendii) 

5.7 

6.0 

Big Brown Bat 
(Eptesicus fuscus) 

-4.8 

3.6 

Spotted Bat 
(Euderma maculatum) 

1.1 

4.2 

Eastern Red Bat 

(Lasiurus borealis) 

1.6 

na 

Hoary Bat 
(Lasiurus cinereus) 

-0.6 

10.3 

Silver-haired Bat 

(Lasionycteris noctivagans) 

-4.9 

-3.6 

California Myotis 
(Myotis caiifornicus) 

-0.5 

na 

Western Small-footed Myotis 
(Myotis ciliolabrum) 

-4.8 

11.3 

Long-eared Myotis 
(Myotis evotis) 

-2.1 

5.7 

Little Brown Myotis 
(Myotis lucifugus) 

-0.5 

1.9 

Fringed Myotis 
(Myotis thysanodes) 

3.1 

6.9 

Long-legged Myotis 
(Myotis volans) 

5.5 

na 

Yuma Myotis 
(Myotis yumanensis) 

6.7 

na 


1 Temperatures should only be regarded as being indicative of the general temperature at the time of detection. 
Temperatures were recorded at the detector approximately 1-meter above ground level while the microphone 
was mounted at approximately 3-meters above ground level and bats were in flight at an unknown altitude, but 
probably typically within 30-meters of ground level. Temperatures of the bat's roost environment at the time 
flights were initiated are also obviously unknown. 

2 Probable call sequences of Big Brown Bat (-8.4°C), Silver-haired Bat (-7.4°C), Hoary Bat (-2°C), Western Small¬ 
footed Myotis (-8.6°C), Long-eared Myotis (-2.9°C) were also recorded. 

3 Probable call sequences of Big Brown Bat (-3.1°C), California Myotis (7.4°C), Western Small-footed Myotis 
(-5.1°C), Little Brown Myotis (0.9°C), Long-legged Myotis (5.1°C), and Yuma Myotis (10.2°C) were also recorded, 
na = outside species' range or not documented in this study. 


27 


Figure 1. Network of long term ultrasonic acoustic detectors as of winter 2016 
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Figure 2. Location of the Maiden Rock detector recorder (red x) on the lower Big Hole River, and Wise 

River (red circle) and Bert Mooney Airport weather stations (yellow circle) at landscape (a) and 
local (b) views. 
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Figure 3. Initial location of SM2Bat detector/recorder on the Big Hole River near the Maiden Rock 

Fishing Access Site (a) and downstream (b) and upstream (c) views of the detector after it was 
redeployed on an adjacent backwater. SM2 Bat detector/recorder and solar panel (red 
squares) and microphone (red star). 


(a) 


(b) 
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Figure 3. Continued. 
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Figure 4. Percent of call sequences auto-identified to species each month. 



Figure 5. Average (blue) and maximum counts (red) of bat passes per night by month. Numbers on X- 
axis are years and months. 
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Figure 6. Average number of bat passes per night by week for active season (a) and inactive season (b) 
at Maiden Rock. Numbers on X axis are years, months, and weeks. 








Figure 7. Average number of bat passes per night by week across the detector network for active 
season (a) and inactive season (b). Numbers on X axis are years, months, and weeks. 
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Figure 9. Average number of bat passes each hour after sunset across all years during active (a) and 
inactive season (b). Numbers on X axis are weeks. 






























Figure 10. Average number of bat passes per night by week across the detector network and across all 
years for active season (a) and inactive season (b) in rugged and non-rugged landscapes with 
and without trees. Numbers on X axis are months and weeks. 








Figure 11. Average number of bat passes per night by week across the detector network and across all 
years for active season (a) and inactive season (b) at different water body types. Numbers on 
X axis are months and weeks. 















Figure 12. Average nightly background (blue) and bat pass (red) temperatures by month. Numbers on X 
axis are years and months. 
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Figure 13. Percent of nightly hours with average background temperatures (blue) and average 

temperatures associated with bat passes (red) for the Wise River weather station which is 
17.7 kilometers to the northwest of the detector. Numbers are lower ends of °C temperature 
bins. 
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Figure 14. Percent of nightly hours with average background temperatures (blue) and average 

temperatures associated with bat passes (red) across the regional network of detectors. 
Numbers are lower ends of °C temperature bins. Of the 572,897 hours that detectors have 
been deployed, temperature data was available from nearby weather stations for 559,321 
hours (98%). Note that some detectors were up to 43 kilometers from the weather station 
where temperatures were recorded (X = 15.9 km, SD = 10.5 km). 
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Figure 15. Percent of hours with average background wind speeds (blue) and average wind speeds 

associated with bat passes (red) at the Wise River weather station which is 17.7 kilometers to 
the northwest of the detector. Wind speed categories are meters per second. Numbers are 
lower ends of wind speed bins. 
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Figure 16. Percent of hours with average background wind speeds (blue) and average wind speeds 
associated with bat passes (red) across the regional network of detectors. Wind speed 
categories are meters per second. Numbers are lower ends of wind speed bins. Of the 
572,897 hours that detectors have been deployed, wind speed data was available from 
nearby weather stations for 556,720 hours (97%). Note that some detectors were up to 43 
kilometers from the weather station where wind speeds were recorded (X = 17.9 km, SD = 
10.5 km). 
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Figure 17. Percent of hours with background barometric pressure changes (blue) and barometric 
pressure changes associated with bat passes (red) at the Bert Mooney Airport weather 
station which is 33.4 kilometers to the north-northeast of the detector. Numbers shown are 
the lower ends of categories of millibars of change per hour. 
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Figure 18. Percent of hours with background barometric pressure changes (blue) and barometric 

pressure changes associated with bat passes (red) across the regional network of detectors. 
Numbers shown are the lower ends of categories of millibars of change per hour. Of the 
572,897 hours that detectors have been deployed, barometric pressure data was available 
from nearby weather stations for 517,468 hours (90%). Note that some detectors were up to 
94 kilometers from the weather station where barometric pressures were recorded (X = 37.1 
km, SD = 21.5 km). 
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Figure 19. Percent of background hours (blue) and hours with bat passes (red) with (1) and without (0) 
precipitation at the Wise River weather station which is 17.7 kilometers to the northwest of 
the detector. 
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Figure 20. Percent of background hours (blue) and hours with bat passes (red) with (1) and without (0) 
precipitation across the regional network of detectors. Of the 572,897 hours that detectors 
have been deployed, precipitation data was available from nearby weather stations for 
556,881 hours (97%). Note that some detectors were up to 75 kilometers from the weather 
station where precipitation events were recorded (X = 20.70 km, SD = 15.2 km) and bats are 
capable of flight within minutes of the passing of a rain shower. 
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Figure 21. Percent of background hours (blue) and hours with bat passes (red) at various moon 

illumination categories (0 = no illumination and 1 = full moon) and with the moon above and 
below the horizon at the Maiden Rock bat detector. 



48 













Figure 22. Percent of background hours (blue) and hours with bat passes (red) associated with various 
moon illumination categories (0 = no illumination and 1 = full moon) and with the moon 
below or above the horizon across the regional network of detectors. Moon illumination 
values were able to be calculated for 100% of the 572,897 hours that detectors have been 
deployed. 
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Figure 23. Average number of nightly bat passes each week auto-identified as Big Brown Bat. Numbers 
on X axis are years and weeks. 









Figure 24. Average number of nightly bat passes each week auto-identified as Spotted Bat. Numbers on 
X axis are years and weeks. 
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Figure 25. Average number of nightly bat passes each week auto-identified as Hoary Bat. Numbers on X 
axis are years and weeks. 








Figure 26. Average number of nightly bat passes each week auto-identified as Silver-haired Bat. 
Numbers on X axis are years and weeks. 
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Figure 27. Average number of nightly bat passes each week auto-identified as Western Small-footed 
Myotis. Numbers on X axis are years and weeks. 

















































Figure 28. Average number of nightly bat passes each week auto-identified as Long-eared Myotis. 
Numbers on X axis are years and weeks. 
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Figure 29. Average number of nightly bat passes each week auto-identified as Little Brown Myotis. 
Numbers on X axis are years and weeks. 














































Figure 30. Average number of nightly bat passes each week auto-identified as Fringed Myotis. Numbers 
on X axis are years and weeks. 
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References on Wind Turbine and other Human Structure Collision Impacts on Bats 

Compiled by Bryce A. Maxell, Senior Zoologist, Montana Natural Heritage Program 

September 2015 

An * in front of a citation, indicates the article has particular value for wind turbine impacts to bats and 
turbine management in Montana. Additional information on wind turbine impacts to bats and other 
wildlife can be found at the Wind-Wildlife Impacts Literature Database (WILD) at http://wild.nrel.gov 


Ahlen, I. 2003. Wind turbines and bats—a 
pilot study. Uppsala, Sweden. 
http://publikationer.slu.se/Filer/08WindBat 

FinalReport.pdf 

Anderson, R.L., D. Strickland, J. Tom, N. 
Neumann, W. Erickson, J. Cleckler, G. 
Mayorga, G. Nuhn, A. Leuders, J. Schneider, 
L. Backus, P. Becker and N. Flagg. 2000. 
Avian monitoring and risk assessment at 
Tehachapi Pass and San Gorgonio Pass wind 
resource areas, California: Phase 1 
preliminary results. Proceedings of the 
National Avian-Wind Power Planning 
Meeting 3:31-46. National Wind 
Coordinating Committee, Washington, D.C. 

Arnett, E. B. (Tech. ed.). 2005. Relationships 
between bats and wind turbines in 
Pennsylvania and West Virginia: An 
assessment of bat fatality search protocols, 
patterns of fatality, and behavioral 
interactions with wind turbines. A final 
report submitted to the Bats and Wind 
Energy Cooperative. Bat Conservation 
International. 

*Arnett, E.B. 2006. A preliminary evaluation 
on the use of dogs to recover bat fatalities 
at wind energy facilities. Wildlife Society 
Bulletin 34(5):1440-1445. 


*Arnett, E.B., W.K. Brown, W.P. Erickson, J.K. 
Fiedler, B.L. Hamilton, T.H. Henry, A. Jain, 
G.D. Johnson, J. Kerns, R.R. Koford, C.P. 
Nicholson, T.J. O'Connell, M.D. Piorkowski, 
and R.D. Tankersley, Jr. 2008. Patterns of 
bat fatalities at wind energy facilities in 
North America. Journal of Wildlife 
Management 72(l):61-78. 

Arnett E.B., J.P. Hayes, M.M.P. Huso. 2006. 

An evaluation of the use of acoustic 
monitoring to predict bat fatality at a 
proposed wind facility in southcentral 
Pennsylvania. An annual report submitted 
to the bats and wind energy cooperative. 
Austin, Texas, USA. 

http://www.batsandwind.org/pdf/precon 

pa.pdf 

*Arnett E.B., C. Hein, M. Schirmacher, M.M.P. 
Huso, and J. Szewczak. 2013. Evaluating the 
effectiveness of an ultrasonic acoustic 
deterrent for reducing bat fatalities at wind 
turbines. PLoS ONE 8(6):e65794. 
doi:10.1371/journal.pone.0065794 

Arnett, E.B., M.M.P. Huso, D.S. Reynolds, and 
M. Schirmacher. 2007. Patterns of pre¬ 
construction bat activity at a proposed wind 
facility in northwest Massachusetts. Annual 
report prepared for the Bats and Wind 
Energy Cooperative. Bat Conservation 
International. Austin, Texas, USA. 35 p. 
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* Arnett, E.B., M.M.P. Huso, M.R. Schirmacher, 
andJ.P. Hayes. 2011. Altering turbine 
speed reduces bat mortality at wind-energy 
facilities. Frontiers in Ecology and the 
Environment 9(4):209-214. 

Avery, M. and T. Clement. 1972. Bird 
mortality at four towers in eastern North 
Dakota: Fall 1972. Prairie Naturalist 4:87-95. 

*Baerwald, E.F. and R.M.R. Barclay. 2009. 
Geographic variation in activity and fatality 
of migratory bats at wind energy facilities. 
Journal of Mammalogy 90(6):1341-1349. 

*Baerwald, E.F. and R.M.R. Barclay. 2011. 
Patterns of activity and fatality of migratory 
bats at a wind energy facility in Alberta, 
Canada. Journal of Wildlife Management 
75(5):1103-1114. 

Baerwald, E.F., G.H. D'Amours, B.J. Klug, and 
R.M.R. Barclay. 2008. Barotrauma is a 
significant cause of bat fatalities at wind 
turbines. Current Biology 18(16):R695- 
R696. 

*Baerwald, E.F., J. Edworthy, M. Holder, and 
R.M.R. Barclay. 2009. A large-scale 
mitigation experiment to reduce bat 
fatalities at wind energy facilities. Journal 
of Wildlife Management 73(7):1077-1081. 

*Barclay, R.M.R., E.F. Baerwald, and J.C. 
Gruver. 2007. Variation in bat and bird 
fatalities at wind energy facilities: assessing 
the effects of rotor size and tower height. 
Canadian Journal of Zoology 85:381-387. 

Bennett, V.J. and A.M. Hale. 2014. Red 
aviation lights on wind turbines do not 
increase bat-turbine collisions. Animal 
Conservation 17:354-358. 

Bernardino, J., R. Bispo, H. Costa, and M. 
Mascarenhas. 2013. Estimating bird and 
bat fatality at wind farms: a practical 


overview of estimators, their assumptions 
and limitations. New Zealand Journal of 
Zoology 40(l):63-74. 

Chang, T. E. Nielson, W. Auberle, F.l. Solop. 
2013. A quantitative method to analyze the 
quality of EIA information in wind energy 
development and avian/bat assessments. 
Environmental Impact Assessment Review 
38:142-150. 

Crawford, R.L. and W.W. Baker. 1981. Bats 
killed at a north Florida television tower: a 
25-year record. Journal of Mammalogy 
62:651-652. 

*Cryan, P.M. 2008. Mating behavior as a 
possible cause of bat fatalities at wind 
turbines. Journal of Wildlife Management 
72(3): 845-849. 

Cryan, P.M. and R.M.R. Barclay. 2009. Causes 
of bat fatalities at wind turbines: 
hypotheses and predictions. Journal of 
Mammalogy 90(6):1330-1340. 

Cryan, P.M. and A.C. Brown. 2007. Migration 
of bats past a remote island offers clues 
toward the problem of bat fatalities at wind 
turbines. Biological Conservation 139:1-11. 

*Cryan, P.M., P.M. Gorresen, C.D. Hein, M.R. 
Schirmacher, R.H. Diehl, M.M. Huso, D.T.S. 
Hayman, P.D. Fricker, F.J. Bonaccorso, D.H. 
Johnson, K. Heist, and D.C. Dalton. 2014. 
Behavior of bats at wind turbines. 
Proceedings of the National Academy of 
Sciences 111(42):15126-15131. 

Cryan, P.M., J.W. Jameson, E.F. Baerwald, 
C.K.R. Willis, R.M.R. Barclay, E.A. Snider, and 
E.G. Chrichton. 2012. Evidence of late- 
summer mating readiness and early sexual 
maturation in migratory tree-roosting bats 
found dead at wind turbines. PLoS One 
7(10):e47586. 

Doi:10.1371/journal.pone.0047586 


A-2 



Cryan, P.M., C.A. Strieker, and M.B. Wunder. 

2014. Continental-scale, seasonal 
movements of a heterothermic migratory 
tree bat. Ecological Applications 24(4):602- 
616. 

Cullinan, V.I., S. Matzner, and C.A. Duberstein. 

2015. Classification of birds and bats using 
flight tracks. Ecological Informatics 27:55- 
63. 

DeBlase, A.F. and J.B. Cope. 1967. An Indiana 
bat impaled on barbed wire. American 
Midland Naturalist 77:238. 

Dedon, M., S. Byrne, J. Aycrigg, and P. 
Hartman. 1989. Bird mortality in relation to 
the Mare Island 115-kV transmission line: 
progress report 1988/1989. Department of 
the Navy, Western Division, Naval Facilities 
Engineering Command, Office of 
Environmental Management, San Bruno, 
California. Report 443-89.3. 150pp. 

Denys, G.A. 1972. Hoary bat impaled on 
barbed wire. Jack-Pine Warbler 50:63. 

Diehl, R.H. 2013. The airspace is habitat. 
Trends in Ecology and Evolution 28(7):377- 
379. doi.org/10.1016/j.tree.2013.02.015 

Doty, A.C. and A.P. Martin. 2013. 

Assessment of bat and avian mortality at a 
pilot wind turbine at Coega, Port Elizabeth, 
Eastern Cape, South Africa. New Zealand 
Journal of Zoology 40(l):75-80. 

*Drake, D., C.S. Jennelle, J.N. Liu, S.M. 
Grodsky, S. Schumacher, and M. Sponsler. 
2015. Regional analysis of wind turbine- 
caused bat mortality. Acta Chiropterologica 
17(1)179-188. 

Erickson, W.P., B. Gritski, and K. Kronner, 
2003. Nine Canyon Wind Power Project 
Avian and Bat Monitoring Annual Report. 
Technical report submitted to Energy 


Northwest and the Nine Canyon Technical 
Advisory Committee. 

Erickson, W.P., J. Jeffrey, K. Kronner, and K. 
Bay. 2003. Stateline Wind Project Wildlife 
Monitoring Annual Report, Results for the 
Period July 2001 - December 2002. 
Technical report submitted to FPL Energy, 
the Oregon Office of Energy, and the 
Stateline Technical Advisory Committee. 

Erickson, W.P., G.D. Johnson, M.D. Strickland, 
and K. Kronner. 2000. Avian and bat 
mortality associated with the Vansycle 
Wind Project, Umatilla County, Oregon: 
1999 study year. Technical Report prepared 
by WEST, Inc. for Umatilla County 
Department of Resource Services and 
Development, Pendleton, Oregon. 21p. 

Erickson, W., G. Johnson, D. Young, D. 
Stickland, R. Good, M. Bourassa, K. Bay, K. 
Sernka. 2002. Synthesis and comparison of 
baseline avian and bat use, raptor nesting 
and mortality information from proposed 
and existing wind developments. Report to 
Bonneville Power Administration. West 
Inc., Cheyenne, Wyoming. 124 p. 

Ferreira, D., C. Frexio, J.A. Cabral, R. Santos, 
and M. Santos. 2015. Do habitat 
characteristics determine mortality risk for 
bats at wind farms? Modelling susceptible 
species activity patterns and anticipating 
possible mortality events. Ecological 
Informatics 28:7-18. 

Fiedler, J.K. 2004. Assessment of bat mortality 
and activity at Buffalo Mountain Windfarm, 
eastern Tennessee. M.S. Thesis, University 
of Tennessee, Knoxville. 

Fiedler J.K., T.H. Henry, R.D. Tankersley, and 
C.P. Nicholson. 2007. Results of bat and 
bird mortality monitoring at the expanded 
Buffalo Mountain Windfarm, 2005. 
Tennessee Valley Authority. 


A-3 



http://www.tva.gov/environment/bmw re 

port/results.pdf 

Ganier, A.F. 1962. Bird casualties at a 
Nashville TV tower. Migrant 33:58-60. 

Gollop, M.A. 1965. Bird migration collision 
casualties at Saskatoon. Blue Jay 23:15-17. 

Grodsky, S.M., M.J. Behr, A. Gendler, D. 

Drake, B.D. Dieterle, R.J. Rudd, and N.L. 
Walrath. 2011. Investigating the causes of 
death for wind turbine-associated bat 
fatalities. Journal of Mammalogy 92(5):917- 
925. 

*Grodsky, S.M., C.S. Jennelle, D. Drake, T. 

Virzi. 2012. Bat mortality at a wind-energy 
facility in southeastern Wisconsin. Wildlife 
Society Bulletin 36(4):773-783. 

Hayes, J.P. and D.L. Waldien. 2000. Potential 
influences of the proposed Condon Wind 
Project on bats. Unpublished report 
prepared for CH2MHILL, Portland, Oregon. 
14pp. 

Hayes, J.P. and D.L. Waldien. 2000. Potential 
influences of the Stateline wind project on 
bats. Unpublished report prepared for 
CH2MHILL, Portland, Oregon. 

*Hayes, M. 2013. Bats killed in large 
numbers at United States wind energy 
facilities. BioScience 63(12):975-979. 

Higgins, K.F., R.G. Osborn, C.D. Dieter, and 
R.E. Usgaard. 1996. Monitoring of seasonal 
bird activity and mortality at the Buffalo 
Ridge Wind Resource Area, Minnesota, 
1994-1995. Completion Report for the 
Research Period May 1, 1994 - December 
31,1995. Unpubl. report prepared for 
Kenetech Wind power, Inc. by the South 
Dakota Cooperative Fish and Wildlife 
Research Unit, Brookings, SD. 84pp. 


*Horn, J.W., E.B. Arnett, and T.H. Kunz. 2008. 
Behavioral responses of bats to operating 
wind turbines. Journal of Wildlife 
Management 72(1):123-132. 

Howe, R.W., W. Evans, and A.T. Wolf. 2002. 
Effects of wind turbines on birds and bats in 
northeastern Wisconsin. Wisconsin Public 
Service Corporation, Madison, Wisconsin 

Howell, J.A. 1997. Bird mortality at rotor 
swept area equivalents, Altamont Pass and 
Montezuma Hills, California. Transactions of 
the Western Section of the Wildlife Society 
33:24-29. 

Howell, J.A. and J.E. Didonato. 1991. 
Assessment of avian use and mortality 
related to wind turbine operations, 
Altamont Pass, Alameda and Contra Costa 
Counties, California, September 1998 
through August 1989. Final report 
submitted to U.S. Wind power, Inc. 

Hull, C.L. and L. Cawthen. 2013. Bat fatalities 
at two wind farms in Tasmania, Australia: 
bat characteristics, and spatial and 
temporal patterns. New Zealand Journal of 
Zoology 40(1) :5-15. 

Huso, M.M.P. and D. Dalthrop. 2014. 
Accounting for unsearched areas in 
estimating wind turbine-caused fatality. 
Journal of Wildlife Management 78(2):347- 
358. 

Huso, M.M.P. and D. Dalthrop. 2014. A 
comment on "Bats killed in large numbers 
at United States wind energy facilities". 
BioScience 64(6):546-547. 

James, R.D. 2002. Pickering Wind Turbine, 

Bird monitoring program in 2002. Report to 
Ontario Power Generation, December 2002. 

Jameson, J.W. and C.K.R. Willis. 2012. Bat 
mortality at a wind power facility in central 


A-4 




Canada. Northwestern Naturalist 93:194- 
202 . 

*Jameson, J.W. and C.K.R. Willis. 2014. 
Activity of tree bats at anthropogenic tall 
structures: implications for mortality of bats 
at wind turbines. Animal Behaviour 97:145- 
152. 

Johnson, G.D. and E. Arnett. 2004. A 
bibliography of bat interactions with wind 
turbines. Unpublished. 9 p. 

Johnson, G.D., W.P. Erickson, M.D. Strickland, 
M.F. Shepherd and D.A. Shepherd. 2000. 
Avian Monitoring Studies at the Buffalo 
Ridge Wind Resource Area, Minnesota: 
Results of a 4-year study. Technical report 
prepared for Northern States Power Co., 
Minneapolis, MN. 212pp. 

Johnson, G.D., W.P. Erickson, M.D. Strickland, 
M.F. Shepherd, D.A. Shepherd, and S.A. 
Sarappo. 2003. Mortality of bats at a large- 
scale wind power development at Buffalo 
Ridge, Minnesota. The American Midland 
Naturalist 150(2):332-342. 

Johnson, G.D., W.P. Erickson, and J. White. 
2003. Avian and bat mortality at the 
Klondike, Oregon Phase I Wind Plant. 
Technical report prepared for Northwestern 
Wind Power by WEST, Inc. 

Johnson, G.D., M.K. Perlik, W.P. Erickson, and 
M.D. Strickland. 2004. Bat activity, 
composition, and collision mortality at large 
wind plant in Minnesota. Wildlife Society 
Bulletin 32(4):1278-1288. 

Johnson, G.D., M.K. Perlik, W.P. Erickson, 

M.D. Strickland, D.A. Shepherd, and P. 
Sutherland, Jr. 2003. Bat interactions with 
wind turbines at the Buffalo Ridge, 
Minnesota Wind Resource Area: An 
assessment of bat activity, species 
composition, and collision mortality. Electric 


Power Research Institute, Palo Alto, 
California, and Xcel Energy, Minneapolis, 
Minnesota. EPRI report # 1009178. 

Johnson, G.D. and M.D. Strickland. 2003. 
Biological assessment for the federally 
endangered Indiana bat (Myotis sodalis) 
and Virginia big-eared bat (Corynorhinus 
townsendii virginianus), NedPower Mount 
Storm Wind Project, Grant County, West 
Virginia. Unpublished report prepared by 
WEST, Inc. for NedPower Mount Storm, 
Chantilly, Virginia. 

Johnson, G.D., D.P. Young, Jr., W.P. Erickson, 
M.D. Strickland, R.E. Good and P. Becker. 
2000. Avian and bat mortality associated 
with the initial phase of the Foote Creek 
Rim Wind power Project, Carbon County, 
Wyoming: November 3,1998 - October 31, 
1999. Technical Report prepared for 
SeaWest Energy Corporation and Bureau of 
Land Management. 32pp. 

Johnson, J.S., K.S. Watrous, G.J. Giumarro, T.S. 
Peterson, S.A. Boyden, and M.J. Lacki. 

2011. Seasonal and geographic trends in 
acoustic detection of tree-roosting bats. 
Acta Chiropterologica 13(1):157-168. 

Johnson, P.B. 1933. Accidents to bats. Journal 
of Mammalogy 14:156-157. 

Keeley, B., S. Ugoretz, and D. Strickland. 2001. 
Bat ecology and wind turbine 
considerations. Proceedings of the National 
Avian-Wind Power Planning Meeting, 
4:135-146. National Wind Coordinating 
Committee, Washington, D.C. 

Kelm, D.H., J. Lenski, V. Kelm, U. Toelch, and 
F. Dziock. 2014. Seasonal bat activity in 
relation to distance to hedgerows in an 
agricultural landscape in central Europe and 
implications for wind energy development. 
16(l):65-73. 


A-5 



Kerlinger, P., R. Curry, and R. Ryder. 2000. 
Ponnequin wind energy project avian 
studies. Weld County, Colorado: Summary 
of activities during 2000. Prepared for 
Public Service Company of Colorado, 
Denver, Colorado. 

Kiefer, A., H. Merz, W. Rackow, H. Roer, and 
D. Schlegel. 1995. Bats as traffic casualties 
in Germany. Myotis 32-33:215-220. 

*Kiesecker, J.M., J.S. Evans, J. Fargione, K. 
Doherty, K.R. Foresman, T.H. Kunz, D. 
Naugle, N.P. Nibbelink, and N.D. Niemuth. 
2011. Win-win for wind and wildlife: a 
vision to facilitate sustainable development. 
PLoS One 6:4:el7566. 
Doi:10.1371/journal.pone.0017566. 

Klug, B.J. and E.F. Baerwald. 2010. Incidence 
and management of live and injured bats at 
wind energy facilities. Journal of Wildlife 
Rehabilitation 30(2):11-16. 

Koford, R., A. Jain, G. Zenner and A. Flancock. 
2004. Avian mortality associated with the 
Top of Iowa Wind Farm: Progress Report, 
Calendar Year 2003. Iowa Cooperative Fish 
and Wildlife Research Unit, Iowa State 
University, Ames, Iowa. 9pp. 

Korner-Nievergelt, F., P. Korner-Nievergelt, O. 
Behr, I. Niermann, R. Brinkmann, and B. 
Hellriegel. 2011. A new method to 
determine bird and bat fatality at wind 
energy turbines from carcass searches. 
Wildlife Biology 17:350-363. 

Korstian, J.M., A.M. Hale, V.J. Bennett, and 
D.A. Williams. 2013. Advances in sex 
determination in bats and its utility in wind- 
wildlife studies. Molecular Ecology 13:776- 
780. 

Krenz, J.D., and B.R. McMillan. 2000. Final 
Report: Wind-turbine related bat mortality 


in southwestern Minnesota. Minnesota 
Department of Natural Resources, St. Paul. 

*Kunz, T.H., E.B. Arnett, B.M. Cooper, W.P. 
Erickson, R.P. Larkin, T. Mabee, M.L. 
Morrison, M.D. Strickland, and J.M. 
Szewczak. 2007. Assessing impacts of 
wind-energy development on nocturnally 
active birds and bats: a guidance document. 
Journal of Wildlife Management 
71(8):2449-2486. 

*Kunz, T.H., E.B. Arnett, W.P. Erickson, A.R. 
Floar, G.D. Johnson, R.P. Larkin, M.D. 
Strickland, R.W. Thresher, and M.D. Tuttle. 
2007. Ecological impacts of wind energy 
development on bats: questions, research 
needs, and hypotheses. Frontiers in 
Ecology and the Environment 5(6):315-324. 

Mabee, T.J., B.A. Cooper, and J.H. Plissner. 
2004. A radar study of nocturnal bird 
migration at the proposed Mount Storm 
wind power development, West Virginia, 

Fall 2003. Unpublished report prepared by 
ABR, Inc. for WEST, Inc. and Nedpower. 

*Mathews, F., M. Swindells, R. Goodhead, 

T.A. August, P. Flardman, D.M. Linton, D.J. 
Hosken. 2013. Effectiveness of search dogs 
compared with human observers in locating 
bat carcasses at wind-turbine sites: a 
blinded randomized trial. Wildlife Society 
Bulletin 37(l):34-40. 

Millon, L., J.F. Julen, R. Julliard, and C. 
Kerbiriou. 2015. Bat activity in intensively 
farmed landscapes with wind turbines and 
offset measures. Ecological Engineering 
75:250-257. 

*Minderman, J., C.J. Pendlebury, J.W. Pearce- 
Higgins, and K.J. Park. 2012. Experimental 
evidence for the effect of small wind 
turbine proximity and operation on bird and 
bat activity. PLoS One 7(7):e41177. 
Doi:10.1371/journal.pone.0041177. 


A-6 



Nicholson, C.P. 2003. Buffalo Mountain 
Windfarm bird and bat mortality monitoring 
report: October 2001 - September 2002. 
Tennessee Valley Authority, Knoxville. 

Nicholson, C.P. 2001. Buffalo Mountain 
Windfarm bird and bat mortality monitoring 
report: October 2000 - September 2001. 
Tennessee Valley Authority, Knoxville. 

Orloff, S. and A. Flannery. 1992. Wind turbine 
effects on avian activity, habitat use, and 
mortality in Altamont Pass and Solano 
County Wind Resource Areas, 1989-1991. 
Final report to Alameda, Costra Costa and 
Solano Counties and the California Energy 
Commission by Biosystems Analysis, Inc., 
Tiburon, CA. 

Osborn, R.G., K.F. Higgins, C.D. Dieter, and 
R.E. Usgaard. 1996. Bat collisions with wind 
turbines in southwestern Minnesota. Bat 
Research News 37:105-108. 

Pandion Systems, Inc. 2003. White paper on 
bats and wind turbines with reference to 
the Backbone Mountain site. Unpublished 
report prepared for Florida Power & Light, 
Juno Beach, Florida. 

Peron, G., J.E. Hines, J.D. Nichols, W.L. 

Kendall, K.A. Peters, and D.S. Misrahi. 2013. 
Estimation of bird and bat mortality at 
wind-power farms with superpopulation 
models. Journal of Applied Ecology 50:902- 
911. 

Peste, F., A. Paula, L.P. da Silva, J. Bernardino, 
P. Pereira, M. Mascarenhas, H. Costa, J. 
Vieira, C. Bastos, C. Fonseca, M.J.R. Pereira. 
2015. Flow to mitigate impacts of wind 
farms on bats? A review of potential 
conservation measures in the European 
context. Environmental Impact Assessment 
Review 51:10-22. 


Piorkowski, M.D. and T.J. O'Connell. 2010. 
Spatial pattern of summer bat mortality 
from collisions with wind turbines in mixed- 
grass prairie. American Midland Naturalist 
164(2):260-269. 

Poulton, V. and W. Erickson. 2010. Post¬ 
construction bat and bird fatality study 
Judith Gap Wind Farm Wheatland County, 
Montana. Final Report. Results from June- 
October 2009 study and comparison with 
2006-2007 study. Western Ecosystems 
Technology, Inc. 2003 Central Avenue, 
Cheyenne, WY. 35 p. 

Puzen, S.C. 2002. Bat interactions with wind 
turbines in northeastern Wisconsin. 
Wisconsin Public Service Commission, 
Madison, Wisconsin. 

Redell D., E.B. Arnett, J.P. Flayes, M.M.P. 

Fluso. 2006. Patterns of preconstruction 
bat activity determined using acoustic 
monitoring at a proposed wind facility in 
south-central Wisconsin. A final report 
submitted to the Bats and Wind Energy 
Cooperative. Bat Conservation 
International. Austin, Texas, USA. 
http://www.batsandwind.org/pdf/precon 

wi.pdf 

Reynolds, D.S. 2006. Monitoring the potential 
impact of a wind development site on bats 
in the northeast. Journal of Wildlife 
Management 70(5):1219-1227. 

*Rollins, K.E., D.K. Meyerholz, G.D. Johnson, 
A.P. Capparella, and S.S. Loew. 2012. A 
forensic investigation into the etiology of 
bat mortality at a wind farm: barotrauma or 
traumatic injury? Veterinary Pathology 
49(2):362-371. 

Rocioni, F., FI. Rebelo, D. Russo, M.L. 

Carranza, M.D. Febbraro, and A. Loy. 2014. 
A modelling approach to infer the effects of 


A-7 




wind farms on landscape connectivity for 
bats. Landscape Ecology 29:891-903. 

Rydell J., L. Bach, M. Dubourg-Savage, M. 
Green, L. Rodrigues, and A. Hedenstrom. 
2010. Bat mortality at wind turbines in 
northwestern Europe. Acta 
Chiropterologica 12(2):261-274. 
doi:10.3161/150811010X537846 

Rydell, J., L. Bach, M. Dubourg-Savage, M. 
Green, L. Rodrigues, and A. Hedenstrom. 
2010. Mortality of bats at wind turbines 
links to nocturnal insect migration. 

European Journal of Wildlife Research 
56:823-827. 

Saunders, W.E. 1930. Bats in migration. 
Journal of Mammalogy 11:225. 

Schmidt, E., A.J. Piaggio, C.E. Bock, and D.M. 
Armstrong. 2003. National Wind 
Technology Center site environmental 
assessment: bird and bat use and fatalities - 
Final report NREL/SR-500-32981, National 
Renewable Energy Laboratory, Golden, 
Colorado. 21pp. 

*Schuster, E., L. Bulling, and J. Koppel. 2015. 
Consolidating the state of knowledge: a 
synoptical review of wind energy's wildlife 
effects. Environmental Management 
56:300-331. 

Sjollema, A.L., J.E. Gats, R.H. Hilderbrand, and 
J. Sherwell. 2014. Offshore activity of bats 
along the mid-Atlantic Coast. Northeastern 
Naturalist 21(2):154-163. 

Smallwood, K.S. 2013. Comparing bird and 
bat fatality-rate estimates among North 
American wind-energy projects. Wildlife 
Society Bulletin 37(l):19-33. 

Smallwood, K.S., D.A. Bell, S.A. Snyder, and 
J.E. Didonato. 2010. Novel scavenger 
removal trials increase wind turbine-caused 


avian fatality estimates. Journal of Wildlife 
Management 74(5):1089-1097. 

Smallwood, K.S. and B. Karas. 2009. Avian 
and bat fatality rates at old-generation and 
repowered wind turbines in California. 
Journal of Wildlife Management 
73(7):1062-1071. 

Tennessee Valley Authority. 2002. Draft 
Environmental Assessment - 20-MW 
Windfarm and Associated Energy Storage 
Facility. Tennessee Valley Authority, 
Knoxville, Tennessee. 

Terres, J.K. 1956. Migration records of the red 
bat, Lasiurus borealis. Journal of 
Mammalogy 37:442. 

Thelander, C.G. and L. Rugge. 2000. Bird risk 
behaviors and fatalities at the Altamont 
Wind Resource Area. Pp. 5-14 in 
Proceedings of the National Avian-Wind 
Power Planning Meeting III. National Wind 
Coordinating Committee/RESOLVE. 
Washington, D.C. 

Tuttle, M.D. 2004. Wind energy and the 
threat to bats. BATS 22(2):4-5. 

U.S. Department of Energy. 2002. Draft Site- 
Wide Environmental Assessment of 
National Renewable Energy Laboratory's 
National Wind Technology Center. U.S. 
Department of Energy, Golden, Colorado. 

Van Gelder, R.G. 1956. Echo-location failure in 
migratory bats. Transactions of the Kansas 
Academy of Science 59:220-222. 

Villegas-Patraca, R., S. Macias-Sanchez, I. 
MacGregor-Fors, and C. Munoz-Robles. 
2012. Scavenger removal: bird and bat 
carcass persistence in a tropical wind farm. 
Acta Oecologica 43:121-125. 


A-8 



Voigt, C.C., L.S. Lehnert, G. Petersons, F. 
Adorf, and L. Bach. 2015. Wildlife and 
renewable energy: German politics cross 
migratory bats. European Journal of 
Wildlife Research 61:213-219. 

*Voigt, C.C., A.G. Popa-Lisseanu, I. Niermann, 
and S. Kramer-Schadt. 2012. The 
catchment area of wind farms for European 
bats: a plea for international regulations. 
Biological Conservation 153:80-86. 

*Weller, T.J. and J.A. Baldwin. 2012. Using 
echolocation monitoring to model bat 
occupancy and inform mitigations at wind 
energy facilities. Journal of Wildlife 
Management 76(3):619-631. 

Williams, W. 2004. When blade meets bat: 
Unexpected bat kills threaten future wind 
farms. Scientific American. February 2004. 

Williams, W. 2003. Alarming evidence of bat 
kills in eastern U.S. Windpower Monthly 19: 
21-23. 

Winhold, L., A. Kurta, and R. Foster. 2008. 
Long-term change in an assemblage of 


North American bats: are eastern red bats 
declining? Acta Chiropterologica 10(2):359- 
366. 

Wisely, A.N. 1978. Bat dies on barbed wire 
fence. Blue Jay 36:53. 

Wolbert, S.J., A.S. Zellner, H.P. Whidden. 

2014. Bat activity, insect biomass, and 
temperature along an elevational gradient. 
Northeastern Naturalist 21(l):72-85. 

Young, D.P., Jr., W.P. Erickson, R.E. Good, 

M.D. Strickland, and G.D. Johnson. 2003. 
Avian and bat mortality associated with the 
initial phase of the Foote Creek Rim wind 
power project. Carbon County, Wyoming: 
November 1998 - June 2002. Tech. Rept. 
prepared for SeaWest Energy Corporation 
and Bureau of Land Management. 

Young, D.P., Jr., W.P. Erickson, M.D. 
Strickland, and R.E. Good. 2002. 

Comparison of avian effects from UV light 
reflective paint applied to wind turbines: 
Foote Creek Rim Wind Plant, Carbon 
County, Wyoming. National Renewable 
Energy Laboratory, Golden, Colorado. 


A-9 



Appendix B 


Bat Pass Temperatures Summarized by Species and Month for Maiden Rock 1 


Species 2 

Year 

Month 

Bat Pass Temp C 
Avg(SD) N 

Bat Pass 

Min Temp C 

Bat Pass 
Max Temp C 

Epfu 

2012 

3 

2 (5.6)9 

-3.6 

14 

Epfu 

2012 

4 

11.2(8.7)5 

-1.1 

19.6 

Epfu 

2012 

5 

19.9 (3.7) 22 

7.4 

22.1 

Epfu 

2012 

6 

18.6(3.5)44 

10.2 

25.1 

Epfu 

2012 

7 

20(5.6)8 

11.7 

27.7 

Epfu 

2012 

8 

20.4(3.1) 29 

13.3 

25.1 

Epfu 

2012 

9 

19.1(3.2) 14 

12 

25.1 

Epfu 

2012 

10 

2.7 (4) 2 

-0.1 

5.5 

Epfu 

2012 

11 

6.7 (2.9) 5 

3.6 

9.5 

Epfu 

2012 

12 

5.5 ( 3 ) 1 

5.5 

5.5 

Epfu 

2013 

1 

1.6 (4.1) 14 

-3.6 

7.4 

Epfu 

2013 

2 

2.8 (1.4) 7 

0.6 

4.2 

Epfu 

2013 

3 

7.3 (4.1) 6 

2.4 

14 

Epfu 

2013 

4 

11(2.5)6 

7.9 

13.3 

Epfu 

2013 

5 

18.1(5.1)7 

10.2 

24.7 

Epfu 

2013 

6 

18.6(3.8) 45 

9.4 

26 

Epfu 

2013 

7 

19.7 (3.6)31 

12.8 

26.7 

Epfu 

2013 

8 

20.9 (5) 14 

13.2 

26.7 

Epfu 

2013 

9 

18(1.7)8 

14.5 

20.4 

Epfu 

2013 

10 

12.3 (3.2) 12 

7.4 

15.3 

Epfu 

2013 

11 

7.7 (5.2) 7 

0.1 

11 

Epfu 

2013 

12 

7.9 (1.7) 6 

4.9 

9 

Epfu 

2014 

1 

0.8 ( 3 ) 1 

0.8 

0.8 

Epfu 

2014 

2 

2.4 (2.1) 2 

0.9 

3.9 

Epfu 

2014 

3 

8.6 (4.9) 2 

5.1 

12 

Epfu 

2014 

4 

9.6 (2.2) 11 

5.9 

11.5 

Epfu 

2014 

5 

17.7 (1.8) 117 

11.7 

22.2 

Epfu 

2014 

6 

16.8(1.9) 157 

11.8 

20.9 

Epfu 

2014 

7 

20.4(3.9) 53 

14.1 

26.9 

Epfu 

2014 

8 

20.6(3.6) 12 

15.5 

25.7 

Euma 

2012 

6 

21.9 ( 3 )1 

21.9 

21.9 

Euma 

2012 

11 

4.2 ( 3 ) 1 

4.2 

4.2 

Euma 

2013 

6 

17.5(0.1)7 

17.4 

17.6 

Euma 

2013 

7 

22.4(3.3)7 

16.3 

25.9 

Euma 

2014 

6 

14.8 ( 3 ) 1 

14.8 

14.8 

Euma 

2014 

7 

19.9 (3.6)11 

15.8 

24.2 

Laci 

2012 

3 

1.3 ( 3 ) 1 

1.3 

1.3 
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Laci 

2012 

6 

14.4 (2.7) 65 

11.8 

24.6 


2012 

7 

24.4 (3.1) 7 

19.9 

27.2 


2012 

8 

20.9 (3) 66 

14.8 

27 

Laci 

2012 

9 

18.1 ( 3 ) 1 

18.1 

18.1 

Laci 

2012 

10 

12.7 ( 3 ) 1 

12.7 

12.7 

Laci 

2013 

2 

0.6 ( 3 ) 1 

0.6 

0.6 

Laci 

2013 

6 

18.8 (4.2) 7 

11.8 

26.4 

Laci 

2013 

7 

20.9 (2.8) 40 

14.5 

25.1 

Laci 

2013 

8 

18.9 (3.3) 67 

13 

27.2 

Laci 

2013 

9 

15.8(3) 68 

10.3 

23.2 

Laci 

2014 

6 

13.6(2.8) 10 

12 

19.8 

Laci 

2014 

7 

20.3 (2.6) 189 

13.6 

26.4 

Laci 

2014 

8 

19.6 (3.4) 170 

12.8 

25.9 

La no 

2012 

3 

4.9 (6.9) 7 

-3.6 

15.3 

La no 

2012 

4 

8.8 (4.4) 13 

5.2 

19.6 

La no 

2012 

5 

19 (4.1) 8 

9.2 

21.6 

La no 

2012 

6 

16.6 (4.6) 34 

7.5 

25.5 

La no 

2012 

7 

22.2 (4.7) 8 

11.7 

27 

La no 

2012 

8 

19.6 (4) 30 

12.8 

28.9 

La no 

2012 

9 

18.3 (2.9) 14 

13 

23.2 

La no 

2012 

10 

5.1 (6) 10 

-0.1 

14 

La no 

2012 

11 

1.8 (2.7)5 

-1.1 

4.7 

La no 

2012 

12 

2.9 (3.6)2 

0.3 

5.4 

La no 

2013 

1 

-1.3 (2.4)21 

-3.3 

4.1 

La no 

2013 

2 

2.9 (1.8) 5 

0.6 

4.2 

La no 

2013 

3 

14.1 ( 3 ) 1 

14.1 

14.1 

La no 

2013 

4 

12.1(3.4)5 

8 

17 

La no 

2013 

5 

15.4 (4.1)6 

8.4 

19.9 

La no 

2013 

6 

17.2 (2.9)44 

13 

22.4 

La no 

2013 

7 

20.9 (4) 22 

13.3 

26.7 

La no 

2013 

8 

19.5 (4.5) 37 

14.3 

28 

La no 

2013 

9 

17.8(3.8) 14 

10.2 

24.1 

La no 

2013 

10 

12.3 (2.2) 14 

7.9 

15.3 

La no 

2013 

11 

1.9 (1.9) 10 

0 

5.7 

La no 

2013 

12 

1.1 (3.7) 7 

-2.6 

6.7 

La no 

2014 

1 

0.2 (0.6)4 

-0.6 

0.9 

La no 

2014 

2 

4.2 (2.3) 9 

0.9 

7.4 

La no 

2014 

3 

4.6 (3.9) 12 

-0.3 

12.7 

La no 

2014 

4 

11.3(3) 28 

4.6 

17.1 

La no 

2014 

5 

17.1 (1.9) 151 

10.7 

22.4 

La no 

2014 

6 

15.5 (2.3) 294 

10.7 

20.9 

La no 

2014 

7 

19.9 (3.8) 55 

14 

26.9 

La no 

2014 

8 

19.5 (3.2) 66 

12.8 

25.5 
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Myci 

2012 

3 

11.6(1.3)48 

5.9 

12.7 

Myci 

2012 

4 

11.8(3.4) 37 

5.5 

19.6 

Myci 

2012 

5 

15.1 (4) 655 

4.1 

22.2 

Myci 

2012 

6 

14.7 (4.1) 1471 

5.5 

26.2 

Myci 

2012 

7 

19.7 (4.4) 90 

11.7 

28.2 

Myci 

2012 

8 

19.5(3.6)516 

11 

29.8 

Myci 

2012 

9 

18.5 (2.7) 448 

8 

25.2 

Myci 

2012 

10 

11.4(3.8) 11 

4.9 

16.6 

Myci 

2012 

11 

3.2 (3.2) 8 

0.3 

6.9 

Myci 

2012 

12 

-3.8 (0) 6 

-3.8 

-3.8 

Myci 

2013 

1 

-0.1 (3) 6 

-5.1 

4.1 

Myci 

2013 

2 

2.1 (0)3 

2.1 

2.1 

Myci 

2013 

3 

10.3 (3.3) 18 

4.1 

14.3 

Myci 

2013 

4 

12.2 (3.2) 34 

5.4 

17 

Myci 

2013 

5 

13.7(3.5)829 

5.7 

24.7 

Myci 

2013 

6 

16.5 (4.2) 574 

7 

26.5 

Myci 

2013 

7 

18.1 (3.4) 497 

12.8 

28.2 

Myci 

2013 

8 

19.6 (3.7) 364 

12.5 

28.2 

Myci 

2013 

9 

19.2 (3.1) 141 

8.4 

24.4 

Myci 

2013 

10 

12.6(1.6) 40 

6.9 

15.5 

Myci 

2013 

11 

6.3 (3.3) 8 

2.9 

12.3 

Myci 

2013 

12 

7.2 (2.2) 3 

4.6 

8.7 

Myci 

2014 

1 

8(0)2 

8 

8 

Myci 

2014 

2 

5.5 (1.8) 8 

3.9 

7.7 

Myci 

2014 

3 

6.3 (0.4) 4 

6 

6.7 

Myci 

2014 

4 

11(3.2) 72 

4.1 

17.1 

Myci 

2014 

5 

16.2 (2.9) 594 

6.2 

21.9 

Myci 

2014 

6 

15.4(2.6) 970 

7.2 

20.9 

Myci 

2014 

7 

17.5(3.7) 320 

10.3 

26.9 

Myci 

2014 

8 

19.2 (3.8) 135 

12.7 

25.9 

Myev 

2012 

5 

19.6 ( 3 ) 1 

19.6 

19.6 

Myev 

2012 

6 

14.5 (4.5) 6 

7.4 

21.7 

Myev 

2012 

7 

21.9 (4.9) 3 

16.5 

26 

Myev 

2012 

8 

20.3(3.5)8 

14.5 

25.4 

Myev 

2012 

9 

14(1.9)3 

12.3 

16 

Myev 

2013 

4 

14.3 (2.1) 2 

12.8 

15.8 

Myev 

2013 

5 

15.3 (5.1) 10 

6.2 

20.9 

Myev 

2013 

6 

14.9 (6.2) 7 

5.7 

22.2 

Myev 

2013 

7 

18.5 (4) 9 

13.6 

23.9 

Myev 

2013 

8 

18.1 (5.4) 10 

11.3 

27.5 

Myev 

2013 

9 

11.3 ( 3 )1 

11.3 

11.3 

Myev 

2013 

10 

10.3 (0.7) 2 

9.8 

10.8 

Myev 

2014 

5 

15.5(2.7)2 

13.6 

17.4 
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Myev 

2014 

6 

12.4 (4.6)5 

6.2 

17.6 

Myev 

2014 

7 

17.5 (3.5) 18 

10.7 

24.1 

Myev 

2014 

8 

19.9 (3.7) 12 

12.7 

24.4 

Mylu 

2012 

4 

9.1 (3.2) 38 

2.7 

19.9 

Mylu 

2012 

5 

16.7 (4) 371 

4.1 

22.2 

Mylu 

2012 

6 

16.3 (4.5) 993 

5.5 

26.4 

Mylu 

2012 

7 

20.4 (4.8) 172 

11.7 

28.5 

Mylu 

2012 

8 

20.1 (4) 640 

8.9 

30 

Mylu 

2012 

9 

18.3 (3) 373 

7.5 

26.5 

Mylu 

2012 

10 

10.1 (4.6) 31 

1.1 

16.8 

Mylu 

2013 

1 

0.9 ( 3 ) 1 

0.9 

0.9 

Mylu 

2013 

4 

9.6 (3.7) 43 

1.9 

17 

Mylu 

2013 

5 

14.6 (3.7) 385 

4.7 

24.7 

Mylu 

2013 

6 

17.2 (3.9) 367 

7.4 

26.9 

Mylu 

2013 

7 

19.1(3.7)516 

12.2 

28.4 

Mylu 

2013 

8 

19.6 (3.9) 656 

11.8 

28.2 

Mylu 

2013 

9 

17.1 (4.6) 296 

6.2 

24.9 

Mylu 

2013 

10 

10(2.3) 54 

4.7 

16 

Mylu 

2013 

11 

9 (1.4) 3 

8.2 

10.7 

Mylu 

2014 

4 

10.8(3.9)40 

3.2 

17.1 

Mylu 

2014 

5 

15.6 (3.4) 620 

4.2 

22.4 

Mylu 

2014 

6 

15.7(2.7)483 

8.4 

20.9 

Mylu 

2014 

7 

17.6(3.5) 1231 

9.8 

27.7 

Mylu 

2014 

8 

18.4 (3.4) 1074 

12.2 

25.9 

Myth 

2012 

5 

7.8 (1.3) 2 

6.9 

8.7 

Myth 

2012 

6 

14.2 (0.2) 2 

14 

14.3 

Myth 

2013 

7 

19.9 ( 3 ) 1 

19.9 

19.9 

Myth 

2014 

7 

15.8 ( 3 ) 1 

15.8 

15.8 


1 Only records auto-identified to species and able to be associated with temperatures are included and 
only species with auto identification accuracies from Sonobat 3.0 evaluated through manual review as 
greater than 50% are included. 

2 Species codes are the first two letters of the genus and species names. 

3 Cannot calculate standard deviation with a single value. 
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Appendix C 

Overview of Roosting Habitat and Home Range / Foraging Distance Documented for Montana Bats 


Bryce A. Maxell, Montana Natural Heritage Program - 24 February 2015 

The table, figures, and images below summarize and provide examples of what is known about winter, maternity, and day/night roost habitat use for Montana bat 
species in the state and/or elsewhere across their ranges. Protection of these cave, mine, cliff, rock outcrop, ground crevice, large tree, bridge, and building habitats 
with cracks and crevices ranging from V 3 to 1 inch in width and associated temperature and humidity regimes, is essential for protection and conservation of 
Montana's bats. Artificial bat roosts that provide summer maternity, night, and day roosts, can be deployed to serve as a surrogate for large diameter tree and other 
roosts that have been lost and/or to encourage roosting away from buildings where bats would be in close proximity to sleeping humans. Artificial winter roost habitat 
is not a viable management option at the present time. 


Species / Comments 

Winter Roost 

Summer Maternity Roost 

Summer Day/Night Roost 

Home Range/Foraging Distance 

Pallid Bat 

(Antrozous pallidus) 

Low roost site fidelity with 90% 
of inter-night movements of 50- 
600 meters. 3 Highly social, 
often using day and night roosts 
in groups of 20 or more guided 
by social vocalizations and 
odors. 2,4 Yearling females 
typically give birth to a single 
pup, but older females typically 
give birth to 2 pups. 4,43 

Not documented in Montana, 
but likely occurs in deep rock 
crevices if the species is 
present. 1,4 

Not documented in Montana. 

Elsewhere in vertical and 
horizontal rock crevices, 
under rock slabs, in buildings, 
and on taller and larger 
diameter live trees and tree 
snags with loose bark in 
mature stands with southerly 
aspects and lower 
percentages of overstory. 4 ' 37 ' 

38, 41, 42, 44 

Under rock slabs, in horizontal 
and vertical rock crevices, and 
on farm equipment in 
Montana. 1 Elsewhere 
occasionally on buildings, 
bridges, caves, mines, vertical 
and horizontal rock crevices 
that are typically on east or 
southeast aspects, and taller 
and larger diameter live trees 
and tree snags with loose bark 
in mature stands with 
southerly aspects and lower 
percentages of overstory. 2,4,21, 

22, 23, 30, 37, 38, 39, 40, 41, 44 

Lactating females moved an average 
of 2,450 meters +/- 845 from roost 
to foraging areas and had an average 
foraging area size of 1.56 square km 
+/-0.88SE. Post-lactating females 
moved an average of 210 meters 
from roost to foraging areas and had 
an average foraging area size of 5.97 
square km +/- 2.69 SE in northern 
California. 37 Individuals commuted 1 
to 4 km between day roosting and 
foraging areas, 0.5 to 1.5 km 
between day roosts and night roosts, 
and switched day roosts often, 
usually moving <200 meters 
between roosts (range 25 to 3,660 
meters) in eastern Oregon. 38,39 
Individuals typically commuted 1-2 
km from day roosts to foraging 
areas, but one male often used 
different day roosts separated by 10 
km in California. 42 

Townsend's Big-eared Bat 
(Corynorhinus townsendii) 

High fidelity to maternity and 
hibernacula roosts, lower 
interseasonal roost site fidelity, 
and travel up to 24 km from 
hibernacula to summer foraging 
areas. 73 Forage and commute 
adjacent to vegetation. 72 

Twilight areas of caves, mines, 
and unused tunnels in 
Montana. 1 ' 31 ' 32 ' 75 ' 84 Limestone 
or lava tube caves and mines 

are known to be used 

elsewhere with arousal and 

movement within or between 
sites, possibly responding to 
changing temperature. 5,73,74,82 

Caves and mines, often in 
twilight areas in Montana. 1,75 
Reported in caves, mines, 
buildings, and basal tree 
hollows elsewhere. 2,5 ' 72 ' 73 ' 81 ' 
82,83 Females prefer cooler 
maternity roosts than other 
vespertilionid bat species. 2 

r- -i 

In Montana, usually in caves 
and mines, often in twilight 
areas, but more rarely building 
attics, root cellars, and 
pocket/daylight caves. 1,21,31,32, 
75 Reported in caves, mines, 
buildings and large diameter 
basal tree hollows elsewhere. 2, 

5, 72, 81, 82, 83 

Average one-way travel distances 
between day roosts and foraging 
areas was 3.2 km +/- 0.5 SD for 
males and 1.3 km +/- 0.2 SD for 
females in coastal California; 
maximum distance traveled from the 
day roost was 10.5 km. 72 




Species / Comments 

Winter Roost 

Summer Maternity Roost 

Summer Day/Night Roost 

Home Range/Foraging Distance 

Big Brown Bat 
(Eptesicus fuscus) 

Males often roost solitarily 
during summer. Rarely move 
more than 80 km between 
summer and winter roosts. 2,6 
Roost switching is common at 
natural roosts, but show high 
fidelity to man-made roosts. 64,65, 

71 

Caves, mines, and some 
evidence for rock crevices 
which are probably the most 
widespread winter roost in 
Montana. 1,31,84 Known to use 
narrow deep rock crevices or 
erosion holes in steep valley 
walls on the Canadian prairie 
and buildings in Ohio. 6,62 

Buildings, bridges, large 
diameter trees snags with 
hollows or loose bark in 
Montana. 1,75 Primarily large 
diameter tree snag hollows 
and crevices, but also live 
aspen hollows, in more 
sparsely spaced stands, deep 
rock crevices, and older 
human structures are known 
to be used elsewhere. 6,29,59, 

64, 65, 66, 67, 68, 71 

Rock crevices, buildings, 
bridges, and caves in 

Montana. 1,22,31 Larger 
diameter tree snags with 
hollows and crevices and 
preferential selection for older 
more sparsely spaced stands, 
older buildings, and rock 
crevices with good solar 
exposure are known to be 
used elsewhere. 27,29,30,64,55,66, 

67,68,69,71 Caves and mines 

known to be used as night 
roosts elsewhere. 70. 

Average of 1.5 km +/- 0.9 SD (range 
0.4 to 1.8 km) from roosts to 
capture locations with average 
movement between successive 
roosts of 1.1 km +/- 0.7 SD (range 0.4 
to 2.0 km) in the Black Hills of South 
Dakota. 29 Average one-way travel 
distances between day roosts and 
foraging areas of 1.8 km +/- 0.1 SE ) 
range (0.3 to 4.4 km) in southern 
British Columbia. 64 

Spotted Bat 
(Euderma maculatum) 

High roost site fidelity with 
multiple individuals following 
the same nightly commuting 
routes up side canyons to 
foraging areas at speeds of up to 
53 km/hr. 8,49 Forage over 
clearings and along cliff rims. 49, 

50,51 

Not documented in Montana. 
Deep rock cracks and crevices 
are commonly used elsewhere 
and caves and human 
structures are rarely used 
elswhere. 1,2,7,51 

Not documented in Montana. 

Rock cracks and crevices in 
upper portions of tall remote 
south facing cliffs near 
perennial waters are used 
elsewhere . lr 2i 7 ' 8 ' 50 

Buildings and other human 
structures in Montana. 1,47 

Rock cracks and crevices in 
upper portions of tall remote 
cliffs near perennial waters, 
and, apparently more rarely, 
cave entrances and buildings 
elsewhere. 2,7,8,45,46,47,48,49,50, 

51 

50-60 km round trip flight distances 
nightly with average home range size 
of 297 +/- 25 SE (range = 242.5 to 
363.8) square km in northern 
Arizona. 8 Nightly round trip 
commutes of >77 km between day 
roosts, foraging areas, and night 
roosts that differed in elevation by 
ca. 2,000 meters in northern 
Arizona. 49 Nightly round trip foraging 
flights of 12 to 20 km in British 
Columbia. 50 

Silver-haired Bat 
(Lasionycteris noctivagans) 

Not documented in Montana. 
Known to use loose bark, basal 
tree cavities, cavities under 
tree roots, and rock crevices 
on more southerly aspects and 
in older stands of trees, 
elsewhere with retreat to 
more underground sites at 
lower temperatures. 93 Use of 
mines is also known. 94 

Large diameter tree snags 
with loose bark or cavities in 
Montana. 1,9 ' 26 Hollows and 
crevices in live aspen and 
large diameter and taller 
trees or tree snags in older 
lower canopy closure stands 
known to be used elsewhere. 

9, 59, 86, 90, 91, 92, 95, 96 

Large diameter tree snags with 
loose bark or cavities and a 
building in Montana. 1,26,78 

Large diameter trees or tree 
snags in older stands with 
hollows and crevices are 
predominant summer roost 
elsewhere, but rock crevices, 
buildings, bridges, and other 
human structures also used. 9, 

22, 86, 90, 91, 96 

Distance between capture locations 
and roost snags ranged from 0.1 to 
3.4 km (averages for juvenile males, 
juvenile females, adult males, and 
adult females were 1.3,1.5,1.8, and 
0.5 km, respectively) in northeastern 
Washington. 96 
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Species / Comments 

Winter Roost 

Summer Maternity Roost 

Summer Day/Night Roost 

Home Range/Foraging Distance 

Eastern Red Bat 
(Lasiurus borealis) 

Species is a solitary rooster at 
heights of 1 to 6 meters from 
the ground, but forage and 
migrate in groups. 10 

Not documented in Montana 
and thought to migrate far to 
the south where they use tree 
roosts on warmer days and 
nights and retreat below leaf 
litter when temperatures dip 
below freezing. 10,54 

Maternity roosts or lactating 
individuals have not been 

detected in Montana. 
Elsewhere, known to roost 
mostly in dense foliage that 
provides shade and 
protection from the wind, but 
also on trunks, of larger 
diameter mature deciduous 
and conifer trees, often in 
riparian areas. 10 ' 52 ' 53 ' 55 ' 56 ' 57 

Not documented in Montana. 
Elsewhere, known to roost 
mostly in denser foliage, but 
also on trunks, of larger 
diameter mature deciduous 
and conifer trees, often in 
riparian areas. Also more 
rarely in shrubs, under leaf 
litter, and on human 
structures. 10.52,53,55,56,57 

Maximum distances traveled to 
foraging areas averaged 1.24 km 
(range 0.19 to 3.28) and foraging 
areas averaged 94.4 Ha +/- 20.2 SE 
with no significant differences 
between sex and age classes in 
Mississippi. 52 Maximum distances 
traveled from diurnal roosts to 
foraging areas ranged from 1.2 to 5.5 
km for females and 1.4 to 7.4 km for 
males with average foraging area 
size of 334 Ha in Kentucky 53 

Hoary Bat 
(Lasiurus cinereus) 

Species is a solitary rooster at 
heights of 3 to 5 meters from 
the ground, but forage and 
migrate in groups. 11 

Not documented and thought 
to migrate far to the south of 
Montana in the winter. 11 

Only a bridge roost 
documented in Montana. 1 
Known to be a solitary rooster 
in deciduous and conifer tree 
foliage that offers shelter 
from the wind and more 
southern exposure to the sun 
elsewhere. 11 ' 85 ' 86 ' 87 ' 88 ' 89 

A bridge and cottonwood 
foliage in Montana. 1 Known to 
roost in deciduous and conifer 
tree foliage elsewhere. 1 ' 11 ' 85 ' 

86, 87 

Females traveled one-way distances 
up to 20 km from day roosts while 
on first of up to five nightly foraging 
bouts in Manitoba Canada. 85 

California Myotis 
(Myotis californicus ) 

Roosts alone or in groups. 12 

Recent acoustic and telemetry 
data indicates species likely 
overwinters in rock crevices in 

Montana 1 ’ Nate Schwal3 ’ personal 
communication Rock creV iceS, 

caves, mines, tunnels, and 
buildings are used elsewhere. 

2, 12, 25, 61 

Not documented in Montana. 

Elsewhere known to roost 

under loose bark or in holes 

or cracks in more isolated 
larger diameter tree snags in 
areas with lower canopy 
closure. 58,59 More rarely, 
known to use buildings 
elsewhere. 60 

A house and a cellar in 

Montana. 32 Elsewhere known 
to roost under loose bark or in 

holes or cracks in more 
isolated larger diameter tree 
snags in areas with lower 
canopy closure. 58,59 Also 
known to use rock crevices, 
bridges, buildings, and other 
human structures elsewhere. 

12, 21, 22, 30, 60 

*No documentation found. 

Western Small-footed Myotis 
(Myotis ciliolabrum) 

Mostly a solitary rooster, but 
sometimes aggregates in small 
groups. Fidelity to roost areas is 
shown, but roost switching 
within those areas is frequent 13, 
63 Also show a high fidelity to 
commuting corridors. 63 

Caves and mines documented 
in Montana. 1,76,84 Known to 
use lava tube caves, deep 
cracks in ground, deep rock 
crevices, tunnels, and drill 
holes in rock elsewhere. 2 ' 13,77 

Rock outcrop crevices with 
good solar exposure in 
Montana. 1 Known to rely 
mostly on vertical and 
horizontal crevices in cliffs 
and rock outcrops, but also 
documented using buildings 
elsewhere. 13,63 

Rock outcrop crevices, bridges, 
caves, mines, and buildings in 
Montana. 1,31,32 Known to use 
rock outcrops, cracks in 
ground, tree hollows, and 
trees with loose bark 
elsewhere. 13,63 No bats were 
detected using night roosts in 
a north central Oregon study. 63 

6 to 24 km round trip travel 
distances from roosts to foraging 
areas in north central Oregon. 63 
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Species / Comments 

Winter Roost 

Summer Maternity Roost 

Summer Day/Night Roost 

Home Range/Foraging Distance 

Long-eared Myotis 
(Myotis evotis) 

Suspected of only traveling 
short distances between 
summer and winter roosts. 14 
Have low fidelity to individual 
roosts, but high fidelity to roost 
areas. 97 ' 98 ' 99 

Caves and mines. 1,75,84 May 
also use deeper rock crevices. 

14 

Caves, cliff and rock outcrop 
crevices, and large diameter 
trees in Montana. 1,26,76 

Known to use sheltered 

erosion cavities on stream 
banks, crevices in basalt, 
conifer stumps, conifer snags, 
buildings, and mine tunnels 
elsewhere. 14 ' 97 > 98 ' 99 

Large diameter trees, rock 
outcrops, buildings, and caves 
in Montana. 1,26,31,79 Known to 
use buildings, trees/snags with 
loose bark, trestle bridges, 
mines, rock crevices, stream 
bank cavities, and sink holes 
elsewhere. 14,21,27,97,98,99 

Traveled an average of 970 meters 
(range 35-5,154 meters) between 
roosts in western Montana. 26 Moved 
1 to 812 meters between day roosts 
and had roosting home ranges that 
ranged from 0.08 to 1.93 ha in 
Alberta. 97 Traveled 620 meters from 
capture sites to day roosts in 
western Oregon , 98 Traveled an 
average distance between day roosts 
of 148.9 m in northeastern 
Washington. 99 

Little Brown Myotis 
(Myotis lucifugus) 

Show high fidelity to summer 
colonies and hibernacula across 
years, but some individuals 
relocated between years a 
median distance of 315 km 
between hibernacula (range 6 to 
563 km) and 431 km between 
summer roosts (range 25 to 464 
km). 100 Males and 
nonreproductive females 
occupy cooler roosts than 
pregnant or lactating females. 15 

Caves and mines with high 
humidities and temperatures 
above freezing in Montana and 
elswhere. 1,31,36,75,84 May also 
use deeper rock crevices. 15 
Predominantly documented 
using caves elsewhere. 100 

Attics and roofs of buildings, 
bridges, and bat houses in 
Montana. 1 Known to use 
cracks or hollows in larger 
diameter tree snags in older 
stands, rock crevices, and 
buildings elsewhere. 2> 15 ' 35 ' 90 ' 

101, 102, 103 

Large diameter tree, rock 
crevices, buildings, bridges, 
caves, and bat houses in 
Montana. 1,26,31,80 Known to 
use cracks or hollows in larger 
diameter tree snags in older 
stands, wood piles, and rock 
crevices elsewhere. 15,35,90 

Caves and mines known to be 
used as night roosts 
elsewhere. 70 

Average 970 meters (range 35-5,154 
meters) between roosts in western 
Montana. 26 Traveled 10 to 647 km 
from hibernacula to summer 

colonies in Manitoba and 
northwestern Ontario, Canada. 100 
Female home range averaged 30.1 
ha +/-15.0 SD during pregnancy and 
17.6 ha +/-9.1 SD during lactation in 
Quebec, Canada. 101 Males moved 
and average of 275 m +/- 406 SD 
between successive roosts, had 
mean minimum roosting areas of 3.9 
ha +/- 7.9 SD, mean minimum 
foraging areas of 52.0 ha +/- 57.4 SD, 
mean distance between roosting and 
foraging areas of 254 m +/- 254.2 SD, 
and mean distances between 
capture sites and first roosts of 761 
m +/- 623 SD in New Brunswick. 102 
Mean home range area was 143 ha 
+/-71.0SE in New York. 103 
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Species / Comments 

Winter Roost 

Summer Maternity Roost 

Summer Day/Night Roost 

Home Range/Foraging Distance 

Northern Myotis 
(Myotis septentrionalis) 

Low roost site fidelity, but often 
stay in same general area within 
a season. May travel up to 56 
km between summer and winter 
roosts. 16 

Only known from a single 
abandoned coal mine in 
Montana. 1,75 Known from 
caves, with a preference to 
cluster in deep crevices and 
possibly move between caves 
within a winter elsewhere. 16 

Not documented in Montana. 

Known to use bark and 
hollows of larger diameter 
trees, usually in decay, and 
building crevices and bat 

houses elsewhere. 16 ' 29 ' 35 ' 69 ' 

102 

Not documented in Montana. 

Known to use bark and 
hollows of larger diameter 
trees, usually in decay, and 
building crevices and bat 
houses elsewhere. 16,29,35,69 
Caves and mines known to be 
used as night roosts 
elsewhere. 70. 

Average of 2.2 km +/- 1.4 SD (range 0.1 
to 5.9 km) from roosts to capture 
locations with average movement 
between successive roosts of 0.6 km +/- 
0.5 SD (range 0.1 to 1.5 km) in the Black 
Hills of South Dakota. 29 Females/males 
moved and average of 457/158 m +/- 
329/121 SD between successive roosts, 
had mean minimum roosting areas of 

8.6/1.4 ha +/- 9.2/1.4 SD, mean 
minimum foraging areas of 46.2/13.5 ha 
+/- 44.4/8.3 SD, mean distance between 
roosting and foraging areas of 
584.6/293.0 m +/- 405.8/282.8 SD, and 
mean distances between capture sites 
and first roosts of 1001/402 m +/- 
693/452 SD in New Brunswick. 102 

Fringed Myotis 
(Myotis thysanodes) 

Very sensitive to roost site 
disturbance. 17 Maintain at least 
some level of group integrity 
when switching roosts. 29 

Not documented in Montana 
and presumed to migrate 
south of Montana. 1 

Caves. 1 Known to use cracks 
and hollows of larger 
diameter trees, usually in 
decay, rock crevices on south¬ 
facing slopes, and buildings 
elsewhere. 17,29 

Caves in Montana. 1,32 Known 
to use cracks and hollows of 
larger diameter trees, usually 
in decay, rock crevices on 
south-facing slopes, mines, 
buildings, and bridges 
elsewhere. 17,21,22,29 

Average of 1.0 km +/- 0.6 SD (range 
0.1 to 2.0 km) from roosts to 
capture locations with average 
movement between successive 
roosts of 0.5 km +/- 0.6 SD (range 0.1 
to 2.0 km) in the Black Hills of South 
Dakota. 29 

Long-legged Myotis 
(Myotis volans) 

Caves and mines in Montana 
and elsewhere. 1 - 19 ' 31 - 36 < 75 > 84 

Large diameter trees in 
Montana. 1,26 Elsewhere in 
taller, but random to normal 
diameter tree snags with 
loose bark or cracks, 
especially in areas with less 
habitat fragmentation, 
greater snag density but with 
greater tree spacing. 28,33,34, 

35 Also in rock crevices, cracks 
in the ground, and buildings 
are known to be used 
elsewhere with south-facing 
roosts preferred. 2,29 

Buildings, mines, caves and 
large diameter trees in 
Montana. 1,26,31,32,78,79 
Elsewhere in taller but random 
to larger diameter tree snags 
with loose bark or cracks, 
especially in areas with less 
habitat fragmentation, greater 
snag density but with greater 
tree spacing, are known to be 
used elsewhere with south¬ 
facing roosts preferred. 27,28,29, 

30,33,34,35 A | SQ j n b U jldingS, 

cracks in the ground, rock 
crevices, and caves. 19,36 

Average of 2.0 km +/- 0.1 SE from 
roosts to capture locations with 
average movement between 
successive roosts of 1.4 km +/- 0.1 SE 
across four study areas in 

Washington and Oregon. 28 Average 
of 1.9 km +/-1-6 SD (range 0.4 to 3.7 
km) from roosts to capture locations 
with average movement between 
successive roosts of 0.7 km +/- 0.5 

SD (range 0.2 to 1.6 km) in the Black 
Hills of South Dakota. 29 Average 
home range size of 647 ha +/- 354 SE 
(range 16.5 to 3,029 ha) for males, 
448 ha +/- 78.7 SE for pregnant 
females, and 304 ha +/- 53.8 SE for 
lactating females in Idaho. 33 
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Species / Comments 

Winter Roost 

Summer Maternity Roost 

Summer Day/Night Roost 

Home Range/Foraging Distance 

Yuma Myotis 
(Myotis yumanensis) 

Sensitive to roost site 
disturbance. 2 

Not documented in Montana, 
but acoustic evidence indicates 
overwintering in rock crevices 
in cliffs. 1 

Building, bridges, and bat 
houses in Montana. 1 

Buildings, bridges, caves, 
mines, and abandoned cliff 
swallow nests are known 
elsewhere . 2,20 ' 21 > 22 ' 25 

Buildings, bridges, and bat 
houses in Montana. 1,79 Large 
diameter trees, buildings, 
rock/cliff crevices and 
abandoned cliff swallow nests 
elsewhere . 2> 21,22,23,24,25,30 

Average of 2 km (range 0.59-3.5 km) 
from roosts to capture locations in 
California. 24 4 km from maternity 
roost to foraging areas in British 
Columbia. 25 
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2 Adams, R.A. 2003. Bats of the Rocky Mountain West: natural history, ecology, and conservation. University Press of Colorado. Boulder, Colorado. 289 p. 

3 Lewis, S,E. 1996. Low roost-site fidelity in pallid bats: associated factors and effect on group stability. Behavioral Ecology and Sociobiology 39:335-344. 

4 Hermanson, J.W. and TJ. O'Shea. 1983. Antrozous pallidus. Mammalian Species Account 213:1-8. 

5 Kunz, T.H. and R.A. Martin. 1982. Plecotus townsendii. Mammalian Species Account 175:1-6. 

6 Kurta, A. and R.H. Baker. 1990. Eptesicus fuscus. Mammalian Species Account 356:1-10. 

7 Watkins, L.C. 1977. Euderma maculatum. Mammalian Species Account 77:1-4. 

8 Chambers, C.L., M.J. Herder, K. Yasuda, D.G. Mikesic, S.M. Dewhurst, W.M. Masters, and D. Vleck. 2011. Roosts and home ranges of spotted bats (Euderma 
maculatum) in northern Arizona. Canadian Journal of Zoology 89:1256-1267. 

9 Kunz, T.H. 1982. Lasionycteris noctivagans. Mammalian Species Account 172:1-5. 

10 Shump, K.A. Jr. and A.U. Shump. 1982. Lasiurus borealis. Mammalian Species Account 183:1-6. 
n Shump, K.A. Jr. and A.U. Shump. 1982. Lasiurus cinereus. Mammalian Species Account 185:1-5. 

12 Simpson, M.R. 1993. Myotis californicus. Mammalian Species Account 428:1-4. 

13 Holloway, G.L. and R.M.R. Barclay. 2001. Myotis ciliolabrum. Mammalian Species Account 670:1-5. 

14 Manning, R.W. and J.K. Jones, Jr. 1989. Myotis evotis. Mammalian Species Account 329:1-5. 

15 Fenton, M.B. and R.M.R. Barclay. 1980. Myotis lucifugus. Mammalian Species Account 142:1-8. 

16 Caceres, M.C. and R.M.R. Barclay. 2000. Myotis septentrionalis. Mammalian Species Account 634:1-4. 

17 O'Farrell, M.J. and E.H. Studier. 1980. Myotis thysanodes. Mammalian Species Account 137:1-5. 

18 Keinath, D.A. 2004. Fringed Myotis (Myotis thysanodes): a technical conservation assessment. USDA Forest Service, Rocky Mountain Region. 64 pp. Available at: 
http://www.fs.fed.us/r2/proiects/scp/assessments/fringedmyotis.pdf 

19 Warner, R.M. and N.J. Czaplewski. 1984. Myotis volans. Mammalian Species Account 224:1-4. 

20 Betts, B.J. Microclimate in Hell's Canyon mines used by maternity colonies of Myotis yumanensis. Journal of Mammalogy 78(4):1240-1250. 

21 Dalquest, W.W. 1947. Notes on the natural history of the bat, Myotis yumanensis, in California, with a description of a new race. American Midland Naturalist 

38:224-247. 

22 Geluso, K. and J.N. Mink. 2009. Use of bridges by bats (Mammalia: Chiroptera) in the Rio Grande Valley, New Mexico. The Southwestern Naturalist 54(4):421-429. 

23 Licht, P. and P. Leitner. 1967. Behavioral responses to high temperatures in three species of California bats. Journal of Mammalogy 48(1):52-61. 

24 Evelyn, M.J., D.A. Stiles, and R.A. Young. 2004. Conservation of bats in suburban landscapes: roost selection by Myotis yumanensis in a residential area in California. 

Biological Conservation 115:463-473. 

25 Nagorsen, D.W. and R.M. Brigham. 1993. The bats of British Columbia. University of British Columbia Press, Vancouver. 

26 Schwab, N. 2006. Roost-site selection and potential prey sources after wildland fire for two insectivorous bat species (Myotis evotis and Myotis lucifugus) in mid¬ 
elevation forests of western Montana. Master of Science Thesis. University of Montana. Missoula, MT. 89 pp. 

27 Arnett, E.B. and J.P. Hayes. 2009. Use of conifer snags as roosts by female bats in western Oregon. Journal of Wildlife Management 73(2):214-225. 

28 Baker, M.D. and M.J. Lacki. 2006. Day-roosting habitat of female long-legged myotis in ponderosa pine forests. Journal of Wildlife Management 70(1):207-215. 

29 Cryan, P.M., M.A. Bogan, and G.M. Yanega. 2001. Roosting habits of four bat species in the Black Hills of South Dakota. Acta Chiropterologica 3(l):43-52. 

30 Dalquest, W.W. and M.C. Ramage. 1946. Notes on the Long-legged Bat (Myotis volans) at Old Fort Tejon and vicinity, California. Journal of Mammalogy 27(l):60-63. 









31 Hendricks, P., D.L. Genter, and S. Martinez. 2000. Bats of Azure Cave and the Little Rocky Mountains, Montana. The Canadian Field Naturalist 114:89-97. 

32 Hoffman, R.S., D.L. Pattie, and J.F. Bell. 1969. The distribution of some mammals in Montana. II. Bats. Journal of Mammalogy 50(4):737-741. 

33 Johnson, J.S., M.J. Lacki, and M.D. Baker. 2007. Foraging ecology of Long-legged Myotis (Myotis volans) in north-central Idaho. Journal of Mammalogy 88(5):1261- 
1270. 

34 Lacki, M.J., M.D. Baker, and J.S. Johnson. 2010. Geographic variation in roost-site selection of Long-legged Myotis in the Pacific Northwest. Journal of Wildlife 
Management 74(6):1218-1228. 

35 Psyllakis, J.M. and R.M. Brigham. 2005. Characteristics of diurnal roosts used by female Myotis bats in sub-boreal forests. Forest Ecology and Management 223:93- 
102 . 

36 Schowalter, D.B. 1980. Swarming, reproduction, and early hibernation of Myotis lucifugus and M. volans in Alberta, Canada. Journal of Mammalogy 61(2):350-354. 

37 Baker, M.D., M.J. Lacki, G.A. Falxa, P.L. Droppleman, R.A. Slack, and S.A. Slankard. 2008. Habitat use of Pallid Bats in coniferous forests of northern California. 
Northwest Science 82(4):269-275. 

38 Lewis, S.E. 1996. Low roost-site fidelity in Pallid Bats: associated factors and effect on group stability. Behavioral Ecology and Sociobiology 39(5):335-344. 

39 Lewis, S.E. 1994. Night roosting ecology of Pallid Bats (Antrozous pallidus) in Oregon. American Midland Naturalist 132(2):219-226. 

40 Schorr, R.A. and J.L. Siemers. 2013. Characteristics of roosts of male pallid bats (Antrozouz pallidus) in southeastern Colorado. 

41 Vaughan, T.A. and T.J. O'Shea. 1976. Roosting ecology of the Pallid Bat, Antrozous pallidus. Journal of Mammalogy 57(l):19-42. 

42 Brown, P. 1982. Activity patterns and foraging behavior in Antrozous pallidus as determined by radiotelemetry. Bat Research News 23(4):62. 

43 Davis, R. 1969. Growth and development of young Pallid Bats, Antrozouz pallidus. Journal of Mammalogy 50(4):729-736. 

44 O'Shea, T.J. 1977. Nocturnal and seasonal activities of the Pallid Bat, Antrozous pallidus. Journal of Mammalogy 58(3):269-284. 

45 Geluso, K. 2000. Distribution of the Spotted Bat (Euderma maculatum) in Nevada, including notes on reproduction. The Southwestern Naturalist 45(3):347-352. 

46 Leonard, M.L. and M.B. Fenton. 1983. Habitat use by Spotted Bats (Euderma maculatum, Chiroptera: Vespertilionidae): roosting and foraging behavior. Canadian 
Journal of Zoology 61:1487-1491. 

47 Nicholson, A.J. 1950. A record of the Spotted Bat (Euderma maculata) for Montana. Journal of Mammalogy 32(1):197. 

48 Poche, R.M. and G.A. Ruffner. 1975. Roosting behavior of male Euderma maculatum from Utah. Great Basin Naturalist 35(1):121-122. 

49 Rabe, M.J., MS. Siders, C.R. Miller, and T.K. Snow. 1998. Long foraging distance for a Spotted Bat (Euderma maculatum) in northern Arizona. The Southwestern 
Naturalist 43(2):266-286. 

50 Wai-Ping, V. and M.B. Fenton. 1989. Ecology of Spotted Bat (Euderma maculatum) roosting and foraging behavior. Journal of Mammalogy 70(3):617-622. 

51 Sherwin, R.E. and W.L. Gannon. 2005. Documentation of an urban winter roost of the Spotted Bat (Euderma maculatum). The Southwestern Naturalist 50(3):402- 
407. 

52 Elmore, L., D.A. Miller, and F.J. Vileella. 2005. Foraging area size and habitat use by red bats (Lasiurus borealis) in an intensively managed pine landscape in 
Mississippi. American Midland Naturalist 153:405-417. 

53 Hutchinson, J.T. and M.J. Lacki. 1991. Foraging behavior and habitat use of red bats in mixed mesophytic forests of the Cumberland Plateau, Kentucky. P. 171-177 in 
J.W. Stringer and D.L. Loftis (eds.). 12 th Central Hardwood Forest Conference, U.S. Forest Service Southeast Experiment Station, Asheville, North Carolina. 

54 Mormann, B.M., M. Milam, and L. Robbins. 2004. Red bats do it in the dirt. Bats 22(2):6-9. 

55 Perry, R.W., R.E. Thill, and S.A. Carter. 2007. Sex-specific roost selection by adult red bats in a diverse forested landscape. Forest Ecology and Management 253:48- 
55. 

56 Mager, K.J. and T.A. Nelson. 2001. Roost-site selection by Eastern Red Bats (Lasiurus borealis). American Midland Naturalist 145:120-126. 

57 Limpert, D.L., D.L. Birch, M.S. Scott, M. Andre, and E. Gillam. 2007. Tree selection and landscape analysis of Eastern Red Bat day roosts. Journal of Wildlife 
Management 71(2):478-486. 

58 Brigham, R.M., M.J. Vonhof, R.M.R. Barclay, and J.C. Gwilliam. 1997. Roosting behavior and roost-site preferences of forest-dwelling California bats (Myotis 
californicus). Journal of Mammalogy 78(4):1231-1239. 

59 Vonhof, M.J. and J.C. Gwilliam. 2007. Intra- and interspecific patterns of day roost selection by three species of forest-dwelling bats in southern British Columbia. 
Forest Ecology and Management 252:165-175. 


C-7 



60 Krutzsch, P.H. Notes on the habits of the bat, Myotis californicus. Journal of Mammalogy 35(4):539-545. 

61 Young, D.B. and J.F. Scudday. 1975. An incidence of winter activity in Myotis californicus. The Southwestern Naturalist 19(4):452. 

62 Lausen, C.L. and R.M.R. Barclay. 2006. Winter bat activity in the Canadian prairies. Canadian Journal of Zoology 84:1079-1086. 

63 Rodhouse, T. and K.J. Hyde. 2014. Roost and forage site fidelity of Western Small-footed Myotis (Myotis ciliolabrum) in an Oregon desert canyon. Western North 
American Naturalist 74(2):241-248. 

64 Brigham, R.M. 1991. Flexibility in foraging and roosting behavior by the Big Brown Bat (Eptesicusfuscus). Canadian Journal of Zoology 69:117-121. 

65 Lausen, C.L. and R.M.R. Barclay. 2002. Roosting behavior and roost selection of female Big Brown Bats (Eptesicusfuscus) roosting in rock crevices in southeastern 
Alberta. Canadian Journal of Zoology 80:1069-1076. 

66 Lausen, C.L. and R.M.R. Barclay. 2003. Thermoregulation and roost selection by reproductive female Big Brown Bats (Eptesicus fuscus) roosting in rock crevices. 
Journal of Zoology 260:235-244. 

67 Willis, C.K.R., C.M. Voss, and R.M. Brigham. 2006. Roost selection by forest-living female Big Brown Bats (Eptesicusfuscus). Journal of Mammalogy 87(2):345-350. 

68 Neubaum, D.J., K.R. Wilson, and TJ. O'Shea. 2007. Urban maternity-roost selection by Big Brown Bats in Colorado. Journal of Wildlife Management 71(3):728-736. 

69 Whitaker, J.O. Jr., D.W. Sparks, and V. Brack Jr. 2006. Use of artificial roost structures by bats at the Indianapolis International Airport. Environmental Management 
38(l):28-36. 

70 Agosta, S.J., D. Morton, B.D. Marsh, and K.M. Kuhn. 2005. Nightly, seasonal, and yearly patterns of bat activity at night roosts in the central Appalachians. Journal 
of Mammalogy 86(6):1210-1219. 

71 Rancourt, S.J., M.l. Rule, and M.A. O'Connell. 2007. Maternity roost site selection of Big Brown Bats in ponderosa pine forests of the channeled scablands of 
northeastern Washington State, USA. Forest Ecology and Management 248:183-192. 

72 Fellers, G.M. and E.D. Pierson. 2002. Habitat use and foraging behavior of Townsend's Big-eared Bat (Corynorhinus townsendii) in coastal California. Journal of 
Mammalogy 83(1):167-177. 

73 Dobkin, D.S., R.D. Gettinger, and M.G. Gerdes. 1995. Springtime movements, roost use, and foraging activity of Townsend's Big-eared Bat (Plecotus townsendii) in 
central Oregon. Great Basin Naturalist 55(4):315-321. 

74 Genter, D.L. 1986. Wintering bats of the upper Snake River plain: occurrence in lava tube caves. Great Basin Naturalist 46(2):241-244. 

75 Swenson, J.E. and G.F. Shanks Jr. 1979. Noteworthy records of bats from northeastern Montana. Journal of Mammalogy 60(3):650-652. 

76 Jones, J.K. Jr., R.P. Lampe, C.A. Spenrath, and T.H. Kunz. 1973. Notes on the distribution and natural history of bats in southeastern Montana. Occasional papers of 
the Museum of Texas Tech University 15:1-11. 

77 Swenson, J.E. 1970. Notes on distribution of Myotis leibii in eastern Montana. Blue Jay 28:173-174. 

78 Swenson, J.E. and J.C. Bent. 1977. The bats of Yellowstone County, southcentral Montana. Proceedings of the Montana Academy of Sciences 37:82-84. 

79 Bell, J.F., G.J. Moore, G.H. Raymond, and C.E. Tibbs. 1962. Characteristics of rabies in bats in Montana. American Journal of Public Health 52(8):1293-1301. 

80 Bell, J.F. and L.A. Thomas. 1964. A new virus, "MML," enzootic in bats (Myotis lucifugus) of Montana. American Journal of Tropical Medicine and Hygiene 13(4): 607- 
612. 

81 Sherwin, R.E., W.L. Gannon, and J.S. Altenbach. 2003. Managing complex systems simply: understanding inherent variation in the use of roosts by Townsend's Big- 
eared Bat. Wildlife Society Bulletin 31(l):62-72. 

82 Sherwin, R.E., D. Stricklan, and D.S. Rogers. 2000. Roosting affinities of Townsend's Big-eared Bat (Corynorhinus townsendii) in northern Utah. Journal of 
Mammalogy 81(4):939-947. 

83 Mazurek, M.J. 2004. A maternity roost of Townsend's Big-eared Bats (Corynorhinus towsendii) in coast redwood basal hollows in northwestern California. 
Northwestern Naturalist 85(2):60-62. 

84 Hendricks, P. 2012. Winter records of bats in Montana. Northwestern Naturalist 93(2):154-162. 

85 Barclay, R.M.R. 1989. The effect of reproductive condition on the foraging behavior of female Hoary Bats, Lasiurus cinereus. Behavioral Ecology and Sociobiology 
24(l):31-37. 

86 Barclay, R.M.R. 1985. Long- versus short-range foraging strategies of Hoary (Lasiurus cinereus) and Silver-haired (Lasionycteris noctivagans) bats and the 
consequences for prey selection. Canadian Journal of Zoology 63:2507-2515. 


C-8 



87 Veilleux, J.P., P.R. Moosman, Jr., D.S. Reynolds, K.E. LaGory, and L.J. Walston, Jr. 2009. Observations of summer roosting and foraging behavior of a Hoary Bat 
(Lasiurus cinereus) in Southern New Hampshire. Northeastern Naturalist 16(1):148-152 

88 Klug, B.J., D.A. Goldsmith, and R.M.R. Barclay. 2012. Roost selection by the solitary, foliage-roosting Hoary Bat (Lasiurus cinereus) during lactation. Canadian Journal 
of Zoology 90:329-336. 

89 Willis, C.K.R. and R.M. Brigham. 2005. Physiological and ecological aspects of roost selection by reproductive female Hoary Bats (Lasiurus cinereus). Journal of 
Mammalogy 86(l):85-94. 

90 Crampton, L.H. and R.M.R. Barclay. 1998. Selection of roosting and foraging habitat by bats in different-aged aspen mixedwood stands. Conservation Biology 
12(6):1347-1358. 

91 Mattson, T.A., S.W. Buskirk, and N.L. Stanton. 1996. Roost sites of the Silver-haired Bat (Lasionycteris noctivagans) in the Black Hills, South Dakota. Great Basin 
Naturalist 56(3):247-253. 

92 Betts, B.J. 1998. Roosts used by maternity colonies of Silver-haired Bats in northeastern Oregon. Journal of Mammalogy 79(2):643-650. 

93 Perry, R.W., D.A. Saugey, and B.G. Crump. 2010. Winter roosting ecology of Silver-haired Bats in an Arkansas Forest. Southeastern Naturalist 9(3):563-572. 

94 Pearson, E.W. 1962. Bats hibernating in silica mines in southern Illinois. Journal of Mammalogy 43(l):27-33. 

95 Parson, H.J., D.A. Smith, and R.F. Whittam. 1986. Maternity colonies of Silver-haired Bats, Lasionycteris noctivagans, in Ontario and Saskatchewan. Journal of 
Mammalogy 67(3):598-600. 

96 Campbell, L.A., J.G. Hallet, and M.A. O'Connell. 1996. Conservation of bats in managed forests: use of roosts by Lasionycteris noctivagans. Journal of Mammalogy 
77(4):976-984. 

97 Nixon, A.E., J.C. Gruver, and R.M.R. Barclay. 2009. Spatial and temporal patterns of roost use by western long-eared bats (Myotis evotis). American Midland 
Naturalist 162:139-147. 

98 Waldien, D.L., J.P. Hayes, and E.B. Arnett. 2000. Day-roosts of female Long-eared Myotis in western Oregon. The Journal of Wildlife Management 64(3):785-796. 

99 Rancourt, S.J., M.l. Rule, and M.A. O'Connell. 2005. Maternity roost site selection of Long-eared Myotis, Myotis evotis. Journal of Mammalogy 86(l):77-84. 

100 Norquay, K.J.O., F. Martinez-Nunez, J.E. DuBois, K.M. Monson, and C.K.R. Wills. 2013. Long-distance movements of Little Brown Myotis (Myotis iucifugus). Journal 
of Mammalogy 94(2):506-515. 

101 Henry, M., D.W. Thomas, R. Vaudry, and M. Carrier. 2002. Foraging distances and home range of pregnant and lactating Little Brown Bats (Myotis Iucifugus). 
Journal of Mammalogy 83(3):767-774. 

102 Broders, H.G., G.J.Forbes, S. Woodley, and I.D. Thompson. 2006. Range extent and stand selection for roosting and foraging in forest-dwelling Northern Long-eared 
Bats and Little Brown Bats in the Greater Fundy Ecosystem, New Brunswick. Journal of Wildlife Management 70(5):1174-1184. 

103 Coleman, L.S., W.M. Ford, C.A. Dobony, and E.R. Britzke. 2014. Comparison of radio-telemetric home-range analysis and acoustic detection for Little Brown Bat 
habitat evaluation. Northeastern Naturalist 21(3):431-445. 


C-9 



Overview of Known Bat Roosts in Montana 



Pallid Bat Roost Use Type Overview 


No. + Surveys 


No. Roost Structures 


2 Rock Outcrops, 1 Tractor 


# Bachelor Roost 
0 Maternity Roost 

0 Hibernacula 

0 Day and Night Roost 
0 Night Roost 


Roost Type on Survey 
Bachelor Roost 
Maternity Roost 
Hibernacula 
Day and Night Roost 
Night Roost 



Big Brown Bat Roost Use Type Overview 


No. + Surveys 
0 
12 
6 

44 

0 


No. Roost Structures 


1 Bridge, 5 Buildings 
3 Caves, 2 Mines 

9 Bridges, 9 Buildings, 5 Rock Outcrops 


• Bachelor Roost 
^ Maternity Roost 

0 Hibernacula 

0 Day and NKjht Roost 
0 Night Roost 


on Survey 


Bachelor Roost 
Maternity Roost 
Hibernacula 
Day and Night Roost 
Night Roost 




Spotted Bat Roost Use Type Overview 


Townsend’s Big-eared Bat Roost Use Type Overview 


No. + Surveys 
0 
13 
69 
33 
0 


No. Roost Structures 


2 Caves, 1 Mine 

18 Caves, 20 Mines, 1 Tunnel 

6 Buildings, 7 Caves, 7 Mines 


• Bachelor Roost 
0 Maternity Roost 

0 Hibernacula 

0 Day and Night Roost 
0 Night Roost 


*Cliffs and rock crevices are primary roosts in other states 


Roost Type on Survey 


No. + Surveys 


No. Roost Structures 


Bachelor Roost 
Maternity Roost 
Hibernacula 
Day and Night Roost 
Night Roost 


1 House, 1 Parking Garage, 1 Electric Meter 


# Bachelor Roost 
0 Maternity Roost 

0 Hibernacula 

0 Day and Night Roost 
0 Night Roost 


Roost Type on Survey 
Bachelor Roost 
Maternity Roost 
Hibernacula 
Day and Night Roost 
Night Roost 
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Silver-haired Bat Roost Use Type Overview 



# Bachelor Roost 
Q Maternity Roost 

^ Hibernacula 

0 Day and Night Roost 
0 Night Roost 


Trees (cavities, bark crevices) are primary roosts in other areas 


Roost Type on Survey 

No. Records 

Notes on Roost Structures 

Bachelor Roost 

0 


Maternity Roost 

1 

1 Ponderosa Pine snag 

Hibernacula 

0 


Day and Night Roost 

1 

Inside animal hide 

Night Roost 

0 




Hoary Bat Roost Use Type Overview 


• Bachelor Roost 
£ Maternity Roost 

0 Hibernacula 

£ Day and Night Roost 
Night Roost 


*Deciduous tree foliage is primary roost habitat in other areas 


Roost Type on Survey 

No. + Surveys 

No. Roost Structures 

Bachelor Roost 

0 


Maternity Roost 

1 

1 Bridge (Hendricks 2005) 

Hibernacula 

0 


Day and Night Roost 

1 

1 recent cottonwood 

Night Roost 

0 

tree roost 


*No roost information is available for 
Eastern Red Bat in Montana, but the 
species is known to roost in 
deciduous tree foliage in other 
states and most acoustic or mist 
netting records in Montana are from 
areas adjacent to floodplains with 
cottonwood gallery forests. 


*Recent radio telemetry data 
indicates California Myotis likely use 
tree and rock crevice roosts in the 
summer and rock crevice roosts in 
the winter in Montana (Nate 
Schwab, personal communication). 
The species is known to roost in 
rock crevices, trees, caves, and 
mines in other states. 
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Liberty 


Rosebud 


Western Small-footed Myotis Roost Use Type Overview 


• Bachelor Roost 
4) Maternity Roost 


^ Day and Night Roost 
^ Night Roost 


Roost Type on Survey 


Bachelor Roost 
Maternity Roost 
Hibernacula 
Day and Night Roost 
Night Roost 


No. + Surveys 


No. Roost Structures 


1 Rock Outcrops 

2 Caves, 6 Mines 

16 Rock Outcrops, 2 Bridges, 2 Buildings, 3 Mines 


Little Brown Bat Roost Use Type Overview 



*Trees are also a likely primary roost, but are not well documented. 


Roost Type on Survey 

No. + Surveys 

No. Roost Structures 

Bachelor Roost 

0 


Maternity Roost 

16 

1 Bridge, 7 Buildings 

Hibernacula 

12 

6 Caves, 1 Mine 

Day and Night Roost 

36 

1 Bat House, 5 Bridges, 10 Buildings, 1 Cave 

Night Roost 

1 

1 Building 


# Bachelor Roost 
^ Maternity Roost 

^ Hibernacula 

£ Day and Night Roost 
^ Night Roost 
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Long-eared Myotis Roost Use Type Overview 


# Bachelor Roost 
^ Maternity Roost 

^ Hibernacula 

0 Day and Night Roost 
0 Night Roost 


No. + Surveys 


No. Roost Structures 


1 Cave, 1 Tree, 2 Rock Outcrops 
1 Cave, 2 Mines 

25 Rock Outcrops, 2 Buildings, 1 Cave 


Bachelor Roost 
Maternity Roost 
Hibernacula 
Day and Night Roost 
Night Roost 


Roost Type on Survey 



Northern Myotis Roost Use Type Overview 


No. + Surveys 
0 
0 
1 
0 
0 


No. Roost Structures 


1 Mine 


• Bachelor Roost 
^ Maternity Roost 

^ Hibernacula 

^ Day and Night Roost 
% Night Roost 


Roost Type on Survey 


Bachelor Roost 
Maternity Roost 
Hibernacula 
Day and Night Roost 
Night Roost 










































































































































Fringed Myotis Roost Use Type Overview 


# Bachelor Roost 
^ Maternity Roost 

^ Hibernacula 

0 Day and Night Roost 
^ Night Roost 


*Known to roost in trees, rock crevices, and buildings in other areas 


Roost Type on Survey 


No. + Surveys 


No. Roost Structures 


Bachelor Roost 
Maternity Roost 
Hibernacula 
Day and Night Roost 
Night Roost _ 


1 Cave 



Yuma Myotis Roost Use Type Overview 

*Call data strongly supports this, but genetic confirmation is needed. 


# Bachelor Roost 
^ Maternity Roost 

£ Hibernacula 

^ Day and Night Roost 
^ Night Roost 


Roost Type on Survey 
Bachelor Roost 
Maternity Roost 
Hibernacula 
Day and Night Roost 
Night Roost 


No. + Surveys 
0 
1 * 

0 

0 

0 


No. Roost Structures 


1 Building 


C-13 



Long-legged Myotis Roost Use Type Overview 


# Bachelor Roost 
^ Maternity Roost 

£ Hibernacula 

^ Day and Night Roost 
^ Night Roost 


*Also known to use trees and rock crevices in other areas 
Roost Type on Survey No. + Surveys No. Roost Structures 


Bachelor Roost 
Maternity Roost 
Hibernacula 
Day and Night Roost 
Night Roost 


2 Caves, 1 Mine 
1 Building, 1 Mine 





























































































Examples of Winter Roosts for Montana Bats 
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Big Brown Bat in crevice in cave hibernaculum - Bryce Maxell 






Western Small-footed Myotis in cave - Bryce Maxell 
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Western Small-footed Myotis in crevice in cave hibernaculum - Bryce Maxell 
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Long-eared Myotis in crevice in cave hibernaculum - Bryce Maxell 
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Examples of Summer Maternity Roosts for Montana Bats 































ng-|egged Myotis 
Maternity Roost 


eared Myotis 


maternity roost 

Nate Schwab 


Stump and rounds of large diameter Ponderosa Pine that was a maternity roost for Big Brown Bat and Little Brown Myotis, and a day roost for Silver-haired Bat - Bryce Maxell 
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Kristi DuBois 


Little Brown Myotis maternity colony in cook house attic. Bat house is not used. - Kristi DuBois 




Unidentified Myotis maternity colony in interstate highway bridge 
expansion joint - Bryce Maxell 
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Examples of Summer Night and Day Roosts for Montana Bats 



Fringed Myotis in vertical rock crevice - Bryce Maxell 


Pallid Bat under slab rock - Keaton Wilson 


Townsend's Big-eared Bat in small cavern in sandstone - Alexis McEwan 


Pallid Bat in vertical rock crevice - Bryce Maxell 
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Hoary Bat at atypical (typically in tree foliage) concrete roost - Matt Bell 



Townsend's Big-eared Bat on underside of cellar roof - Kristi DuBois 
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Droppings under bridge. Sometimes large volumes of droppings result 
only from night roosting near foraging areas - Ellen Whittle 































Bat houses on 4 x 4 inch posts with 
good solar exposure - Lewis Young 


Examples of Artificial Summer Roosts (Bat Houses) 



Bat houses mounted back to back 
- Lewis Young 



Crevices in bat house that supports 
a Little Brown Myotis maternity 
colony - Lewis Young 
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